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ITEM NO. 
WK-7 


CMOS 


IC INSERTION/EXTRACTION KIT 


KIT INCLUDES 


MOS-1416 14-16 CMOS SAFE INSERTER 
MOS-2428 24-28 CMOS SAFE INSERTER 
MOS-40 36-40 CMOS SAFE INSERTER 


EX-1 14-16 EXTRACTOR 

EX-2 24-40 CMOS SAFE EXTRACTOR 


OK MACHINE & TOOL CORPORATION 

3455 CONNER ST.,BRONX, N.Y. 10475 U.S.A. 
PHONE <212) 994 6600 TELEX NO 126091 


MOS-2428 


EX-2 


MOS-1416 


M OS-40 


| WK-7 


COMPLETE IC INSERTER/EXTRACTOR KIT 


$29.95 1 


INDIVIDUAL COMPONENTS 


MOS-1416 

14-16 PIN MOS CMOS SAFE INSERTER 

$ 7.95 

MOS-2428 

24-28 PIN MOS CMOS SAFE INSERTER 

$ 7.95 

M OS-40 

36-40 PIN MOS CMOS SAFE INSERTER 

$ 7.95 

EX-1 

14-16 PIN EXTRACTOR TOOL 

$ 1.49 

EX-2 

24-40 PIN CMOS SAFE EXTRACTOR TOOL 

$ 7.95 


MINIMUM BILLING $2 5.00. ADD SHIPPING CHARGE $2 .00. NEW YORK RESIDENTS ADD APPLICABLE TAX. 


OK MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N Y. 10475 (212) 994-6600/TELEX 125091 
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6809 PROCESSING POWER!! 



The Percom SBC/9”: A “10” By Any Measure. 


Available with either the new, powerful 6809 /xP or an optional 6800-software-compatible 
6802, here are 10 beautiful reasons why the Percom SBC/9™ is not just another runner-up 
MPU/Single-Board-Computer card. 


O SS-50 bus direct, plug-in-compatible upgrade 
MPU. Requires no modification of the system 
bus, I/O or memory. 

© Full-capability stand-alone single-board compu¬ 
ter. Accommodates a 6809 microprocessor or op¬ 
tional 6802 microprocessor without modifica¬ 
tion. 

© On-card 1 K ROM monitor “auto-links” to optional 
second 1 K PROM — if installed. Second PROM 
may be used to easily extend or modify the prim¬ 
al^ monitor command set. 

© Eight-bit parallel port is multi-address extension of 
system bus. Accommodates an exceptional vari¬ 
ety of peripheral devices ranging from game pad¬ 
dles and keyboards to memory management 
modules. Connector is optional. 


© Serial port includes a full-range selectable bit rate 
generator. Optional subminiature ‘D’ connector 
provides RS-232 compatibility. 

© Extendable addressing via SS-50 bus baud lines 
to 1 Mbyte. Extendable addressing to 16 Mbytes 
or more through the parallel "super port.” 

© Includes 1 Kbyte of static RAM. 

© All on-card I/O is fully decoded so that adjacent 
memory space may be used. 

© ROM circuit may be jumper-wired for single- or 
triple-voltage 2716 EPROM. 

© On-card power regulators simplify power supply 
design by minimizing regulation demands. 


Plug the SBC/9™ into your SS-50 
system bus, and just that easily 
you've upgraded to the new super- 
fast super-powerful 6809 MPU with 
such programming amenities as 10 
addressing modes, 16-bit instruc¬ 
tions, auto-increment/auto-decre¬ 
ment and position-independent 
code. Plus, you now have extended 
addressing capability, and opera¬ 
tion under control of PSYMON™, 
the most powerful and flexibile IK 
ROM 6809 operating system yet 
written. 


Percom SYstem MONitor 
PSYMON™ provides the usual 
ROM monitor functions in 1 Kbyte. It 
is easily extended and customized 
because its unique “look-ahead" 
program structure first searches an 
alternate command table. The ta¬ 
ble, if present, may be used to rede¬ 
fine or extend PSYMON’s™ com¬ 
mand set. 

And with PSYMON™, I/O is easily 
directed to any peripheral device — 
even a disk system — through a 
Device Control Block table located 


in memory. This allows you to leave 
the details of I/O software to the 
separate I/O device drivers. 

A PSYMON™ ROM is included 
free with the purchase of an 
SBC/9™. The Users Manual in¬ 
cludes a source listing. 

The 1 Kbyte ROM monitor for the 
SBC/9™ 6802 option includes a 
primary set of typical 6800- 
compatible monitor commands. As 
for PSYMON™, the commands are 
easily extended or modified. 


Products are available at Percom dealers nationwide. Call toll-free, 
1 - 800 - 527 - 1592 , for the address of your nearest dealer, or to 
order direct. Prices and specifications subject to change without notice. 

™ trademark of Percom Data Company, Inc. 


PERCOM DATA COMPANY. INC 
211 N KIRBY GARLAND TEXAS 75042 
(214)272 3421 
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BUILD THE ELECTRONICS OF THE 80’s! 


Find out how - in the newest 




FREE 


STATE-OF-THE-ART 
ELECTRONICS IN EASY- 
TO-BUILD KIT FORM: 

computers and computer 
systems • test instru¬ 
ments • amateur radio 

• audio • television • 
home products • clocks 

• security • weather • 
marine • avionics • 
R/C • automotive 


CATALOG 


Nearly 400 useful, eco¬ 
nomical electronic kits 
for home, hobby or 
business — all fully 
described and illus¬ 
trated in our latest 
big, colorful 104- 
page catalog. Find 
out what’s new — 
send for your Free 
catalog now 


Mail the coupon NOW! 


It’s your ticket to the world’s largest selection of 
easy-to-build, money-saving electronic kits. 


If coupon is missing, write Heath Company, Dept. 110-692, 

Benton Harbor, Ml 49022. (In Canada, write Heath Company, 

1480 Dundas Highway East, Mississauga, Ontario L4X 2R7.) 

VISIT YOUR 
HEATHKIT STORE 

In the U.S. and Canada, visit your nearby 
Heathkit Electronic Center, where 
Heathkit products are displayed, sold 
and serviced. See the white pages of 
your phone book. In the U.S., Heathkit 
Electronic Centers are units of 
Veritechnology Electronics Corporation. 


j" Heathkit 

Heath Company, Dept. 110-692, Benton Harbor, Ml 49022 

I Please send me my FREE Heathkit catalog. 

^ I am not currently receiving your catalog. 

; Name_ 

I Add _ 

City-State- 

CL-739 Zip- 

L._ 
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BUILD A WIDE-RANGE AUDIO LEVEL METEB 



THE COVER 

Shown is the front panel of a two-channel, wide- 
range audio-level meter that employs a LED 
readout. Mirror images above and below the 
front panel reveal the inside of the project. For 
information on how to build this high-perfor¬ 
mance but inexpensive monitoring unit, see our 
feature construction story. It begins on page 5. 
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More premium quality features per 
dollar than any other hand-held 372 
DMM! The only one with built-in test 
socket for transistor h FE . Side 
switches for easy one-hand use. Auto 
polarity/zero. Large 0.5" LCD digits. 
Resolution down to 100 ^ V. Accuracy 


better than 0.8% DCV. 10MQ input 
impedance. Full overload protection. 
All functions color coded. Complete 
with battery, deluxe test probes and 
spare fuse. HV probe, multiplier re¬ 
sistor and "LED head" continuity 
probe available. 


WD-759 


0.1% Accurate DMM WD-759 $159.95 



Want top quality? Here's the only hand 
held 3% DMM with full info LCD readout: 
Function (V, A or Cl), Amount (numeric 
value) and whether AC or DC. Also the 
only one with full range high and low power 
ohms. Features auto polarity/zero, • RF 
shielding, recessed input jacks, high im¬ 
pact case with front guard rail that protects 
against damage if dropped face down. 
Supplied with battery, tilt stand, spare fuse 
(stored inside case). Deluxe test probes 
have dual banana plug, alligator clip and 
“no-short” probe tip. Full one-year war¬ 
ranty. AC adapter, "LED-head" continuity 
probe and carry case available. 

Lab accuracy WD-758 with LED readout $149.95 


VIIZ 


VIZ Mfg. Co., 335 E 


See your VIZ distributor 
Ask about the 7 VIZ bench 
DMMs with prices to $359 

. Price St., Philadelphia, PA 19144 


Over 70 test instruments in the line 
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A REMARKABLE MAGAZINE 



David Ahl, Founder and 
Publisher of Creative Computing 


You might think the term ' creative com¬ 
puting is a contradiction. How can some¬ 
thing as precise and logical as electronic 
computing possibly be creative? We think 
it can be. Consider the way computers are 
being used to create special effects in 
movies-image generation, coloring, and 
computer-driven cameras and props. Or 
an electronic "sketchpad” for your home 
computer that adds animation, coloring 
and shading at your direction. How about 
a computer simulation of an invasion of 
killer bees with you trying to find a way of 
keeping them under control? 

Beyond Our Dreams 

Computers are not creative per se. But the 
way in which they are used can be highly 
creative and imaginative. Five years ago 
when Creative Computing magazine first 
billed itself as "The Number 1 magazine of 
computer applications and software,” we 
had no idea how far that would take us. 
Today, these applications are becoming 
so broad, so all-encompassing that the 
computer field will soon include virtually 
everthing! 

In light of this generality, we take “ap¬ 
plication” to mean whatever can be done 
with computers, ought to be done with 
computers, or might be done with com¬ 
puters. That is the meat of Creative Com¬ 
puting. 

Alvin Toffler, author of Future Shock 
and The Third Wave says, “I read Creative 
Computing not only for information about 
how to make the most of my own equip¬ 
ment but to keep an eye on how the whole 
field is emerging.” 

Creative Computing, the company as 
well as the magazine, is uniquely light¬ 
hearted but also seriously interested in all 
aspects of computing. Ours is the mag¬ 
azine of software, graphics, games and 
simulations for beginners and relaxing 
professionals. We try to present the new 
and important ideas of the field in a way 
that a 14-year old or a Cobol programmer 


creative 

competing 

“The beat covered by Creative Computing 
is one of the most important, explosive and 
fast-changing. Alvin Toffler 


can understand them. Things like text edit¬ 
ing, social simulations, control of house¬ 
hold devices, animation and graphics, and 
communications networks. 

Understandable Yet Challenging 

As the premier magazine for beginners, 
it is our solemn responsibility to make 
what we publish comprehensible to the 
newcomer. That does not mean easy; our 
readers like to be challenged. It means 
providing the reader who has no prepar¬ 
ation with every possible means to seize 
the subject matter and make it his own. 

However, we don’t want the experts in 
our audience to be bored. So we try to 
publish articles of interest to beginners 
and experts at the same time. Ideally, we 
would like every piece to have instruc¬ 
tional or informative content—and some 
depth—even when communicated humor¬ 
ously or playfully. Thus, our favorite kind 
of piece is accessible to the beginner, 
theoretically non-trivial, interesting on 
more than one level, and perhaps even 
humorous. 

David Gerrold of Star Trek fame says, 
“Creative Computing with its unpreten¬ 
tious, down-to-earth lucidity encourages 
the computer user to have fun. Creative 
Computing makes it possible for me to 
learn basic programming skills and use the 
computer better than any other source.” 

Hard-hitting Evaluations 

At Creative Computing we obtain new 
computer systems, peripherals, and soft¬ 
ware as soon as they are announced. We 
put them through their paces in our Soft¬ 
ware Development Center and also in the 
environment for which they are intended- 
home, business, laboratory, or school. 

Our evaluations are unbiased and accur¬ 
ate. We compared word processing print¬ 
ers and found two losers among highly 
promoted makes. Conversely, we found 
one computer had far more than its adver¬ 
tised capability. Of 16 educational pack- 
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ages, only seven offered solid learning 
value. 

When we say unbiased reviews we 
mean it. More than once, our honesty has 
cost us an advertiser—temporarily. But we 
feel that our first obligation is to our read¬ 
ers and that editorial excellence and inte¬ 
grity are our highest goals. 

Karl Zinn at the University of Michigan 
feels we are meeting these goals when he 
writes, “Creative Computing consistently 
provides value in articles, product reviews 
and systems comparisons.. .in a magazine 
that is fun to read.” 

Order Today 

To order your subscription to Creative 
Computing, send $15 for one year (12 
issues), $28 for two years (24 issues) or 
$40 for three years (36 issues). If you pre¬ 
fer, call our toll-free number, 800-631- 
8112 (in NJ 201-540-0445) to put your 
subscription on your MasterCard, Visa or 
American Express card. Canadian and 
other foreign surface subscriptions are 
$24 per year, and must be prepaid. We 
guarantee your satisfaction or we will re¬ 
fund the unfulfilled portion of your sub¬ 
scription. 

Join over 80,000 subscribers like Ann 
Lewin, Director of the Capital Children’s 
Museum who says, ”1 am very much im¬ 
pressed with Creative Computing. It is 
helping to demystify the computer. Its ar¬ 
ticles are helpful, humorous and humane. 
The world needs Creative Computing. 

creative 

corepafciRg 

P.O. Box 789-M 
Morristown, NJ 07960 
Toll-free 800-631-8112 
(In NJ 201-540-0445) 
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BY GERALD BEENE 


BUILD AN 

ACTIVE POWER 

Kjnox 

Converts any resistor into a 
40-watt unit for load measurements. 


I T IS OFTEN necessary to simulate a 
wide range of load conditions when 
building and repairing power supplies. 
To perform such a task, a large supply of 
power resistors or a power-resistor sub¬ 
stitution box would normally be required. 
However, the "Active Power R Box” de¬ 
scribed here reduces the demand to a 
minimum. The R Box can convert any 
resistor, whether fixed or potentiometer, 
into 40-watt power resistors. 

The R Box’s active circuitry is pro¬ 
grammed by an external resistor, con¬ 
nected across terminals A and B in the 
schematic diagram, so that it functions 
as a power resistor with a value that is 


1/1000 of the external resistor’s actual 
value. There is also a 1-ohm resistance 
preprogrammed into the circuit that adds 
to the resistance programmed in. 
Hence, if an 8000-ohm resistor is placed 
across programming terminals A and B, 
the resulting power resistance will be 
(8000/1000) + 1 = 9 ohms. 

The R Box can be programmed to 
serve as a constant-current load if de¬ 
sired. This is accomplished by replacing 
the programming resistor with a dc bias 
voltage between terminal B and the neg¬ 
ative (-) terminal. It is important that the 
positive side of the biasing source be 
connected to terminal B. The magnitude 


of the programming current load will be 
1 ampere per volt on terminal B. For ex¬ 
ample, if terminal B is biased at 150 mV, 
the positive terminal of the R Box will 
take in 150 mA for all supply potentials. 

The input potential must be restricted 
to 40 volts, and maximum power (input 
voltage times input current) must be lim¬ 
ited to 40 watts. Also, the proper polarity 
must be observed or the R Box will not 
operate. The R Box will operate for sup¬ 
ply outputs as low as 3 volts. The max¬ 
imum allowable current is 3 amps. 

When assembling the R Box, use 12- 
gauge wire for the high-current path 
(shown with heavy line in schematic dia¬ 
gram) and minimize the length of this 
wiring. Since the current drain of the 
dual operational-amplifier circuit (IC1) is 
only about 5 mA, a pair of 9-volt batter¬ 
ies for B1 and B2 will do fine. Mount the 
10-watt, 0.5-ohm resistor (R5) so that 
the heat generated in it does not in¬ 
crease the heat of power-Darlington 
transistor Q1. 

The heart of the R Box is transistor 
Q1. It can be a Motorola MJ1000 or any 
other suitable power-Darlington npn 
transistor. During assembly, Q1 must be 
mounted on an adequate heat sink, 
such as the Wakefield No. NC-403-2. 

The dual op amps in IC1 sense both 
the input voltage and the potential 
across the 0.5-ohm resistor and com¬ 
pute the required base drive for Q1 so 
that the desired performance is ob¬ 
tained. The accuracy of the R Box will be 
very good if 1% tolerance resistors are 
used throughout the circuit. The resis¬ 
tors can be rated at l A or watt, except 
for R5, since little current flows through 
the circuit. O 


j— AMWWr- j 



The circuit of the “R Box” converts the resistance at terminals 
A and B to 1/1000 its value plus one ohm and circuit can 
handle 40 watts. Use 12-gauge wire for power circuit (heavy lines). 
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New from NRI! 25”colorTVthat 

DIAGONAL 

tunes by computer, programs an 
entire evening^ entertainment. 



Just part ofNRI’s 
training in servicing TV, 
stereo systems, video tape 
and disc players, car 
and portable radios. 

Only NRI home training prepares you 
so thoroughly for the next great leap forward 
in TV and audio...digital systems. Already, 
top-of-the-line TV’s feature digital tuning, 
computer programming is appearing, and new 
digital audio recording equipment is about to 
go on the market. 

NRI is the only home study school to 
give you the actual “hands-on” training you 
need to handle servicing problems on tomor¬ 
row’s electronic equipment. Because only NRI 
includes this designed-for-learning, 25” 
diagonal color TV with electronic tuning, 
built-in digital clock, and computer pro¬ 
grammer as part of your training. With this 
advanced feature, you can pre-program an 
entire evening’s entertainment...even key lock 
it in to control children’s viewing. 

Exclusive 

Designed-foMearning Concept 

The color TV you build as part of NRI’s 
Master Course looks, operates, and performs 
like the very finest commercial sets. But behind 
that pretty picture is a unique designed-for- 
leaming chassis. As you assemble it, you per¬ 
form meaningful experiments. You even intro¬ 
duce defects, troubleshoot and correct them as 
you would in actual practice. And you end up 
with a magnificent, big-picture TV with ad¬ 
vanced features. 

Also Build Stereo, 

Test Instruments 

That’s just a start. You demonstrate 
basic principles on the unique NRI Discovery 
Lab,® then apply them as you assemble a fine 
AM/FM stereo, complete with speakers. You 
also leam as you build your own test instru¬ 
ments, including a 5” triggered sweep oscillo¬ 
scope, CMOS digital frequency counter, color 
bar generator, and transistorized volt-ohm me¬ 
ter. Use them for learning, use them for earn¬ 
ing as a full- or part-time TV, audio, and video 
systems technician. 


Complete, Effective Training 
Includes Video Systems 

You need no previous experience of any 
kind. Starting with the basics, exclusive “bite- 
size” lessons cover subjects thoroughly, clearly, 
and concisely. “Hands-on” experiments rein¬ 
force theory for better comprehension and 
retention. And your personal NRI instructor is 
always available for advice and help. You’ll be 
prepared to work with stereo systems, car 
radios, record and tape players, transistor 



radios, short-wave receivers, PA systems, musi¬ 
cal instrument amplifiers, electronic TV 
games, even video tape recorders and tape or 
disc video playbacks. 

Send for Free Detailed Catalog 

Mail the postage-paid card today for our 
free 100-page catalog with color photos of all 
kits and equipment, complete lesson plans, 
convenient time payment plans, and informa¬ 
tion on other electronics courses. You’ll also 
find out about NRI’s new Computer Technol¬ 
ogy Course that includes your personal mi¬ 
crocomputer. Or Complete Communications 
with 2-meter transceiver. If card has been 
removed, write to: 



NRI Schools 

McGraw-Hill Continuing 
Education Center 
330 Progress Avenue 
Scarborough, Ontario M1P 2Z5 
or telephone 416-293-1911 
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"ZAP" 

MEW LIFE INTO 
DEAD NMSd BATTERIES 


That dead cell may not be completely gone. 

A properly applied high current can often clear a 
fault , making the cell useful again. 


BY DOUGLAS C. MYERS 



cell sees the equivalent load of 50 ohms. 
Ideally, the four cells deliver identical 
performance and, hence, share the load 
equally. 

In practice, no four cells in a battery 
ever exhibit exactly the same output 
voltage. Assume that one cell is deliver- 


T HE NICKEL-CADMIUM cell is a pa¬ 
radox. Capable of being charged 
many hundreds to many thousands of 
times, it occasionally fails long before its 
claimed life cycle comes to an end. Most 
people simply replace a cell that has 
failed with a new cell. Considering that 
most Ni-Cd cell failures are reversible, 
this is a waste of money. 

In this article, we will discuss the most 
common reason for early Ni-Cd cell fail¬ 
ure and how the great majority of all fail¬ 
ures can be reversed. The procedure 
described here will restore just about 
any dead Ni-Cd cell to provide its entire 
claimed useful life. 

Why Cells Fail. In general, most de¬ 
vices powered by Ni-Cd cells employ 
more than a single cell. As the battery of 


cells is discharged and recharged, the 
time available between recharges re¬ 
duces. Almost invariably, this is due to 
the weakening of a single cell in the bat¬ 
tery. 

To understand the cause of such a 
failure—one cell “dead” while the others 
are still good—refer to Fig. 1, a sche¬ 
matic of a typical Ni-Cd power supply for 
small battery-powered devices. Without 
the charging source connected to the 
circuit, the 200-ohm load “sees” 5 volts 
and draws 25 mA from the battery of 
cells. Since each cell must pass the en¬ 
tire 25 mA and each cell’s potential is 
1.25 volts, Ohm’s Law tells us that each 
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Fig. 1. Schematic of a typical 
NiCd supply for a small load. 


ing only 1.20 volts, while the other cells 
are delivering their rated 1.25 volts. 
Now, the 200-ohm load sees 4.95 volts 
and draws 24.75 mA. Since all four cells 
must pass the entire 24.75 mA, each of 
the strong cells at 1.25 volts sees an 
equivalent load of 50.5 ohms. This 
means that the weak cell sees only 48.5 
ohms. While this does not seem to be 
too unequal a distribution, note that the 
weak cell is working into the heaviest 
load and, as a result, will discharge 
more rapidly than the other cells in the 
battery. Similarly, when the cells are re¬ 
charged for only a short period of time, 
the weak cell, which has been working 
the hardest, is also the one that receives 
the least charging power. 

This unequal loading and recharging 
is of little consequence in normal opera¬ 
tion. The inequality is small for any given 
charge or discharge cycle, due to the 
relatively flat output voltage Ni-Cd cells 
exhibit over most of their range. And a 
good charge tends to equalize any ener¬ 
gy differences between cells. However, 
during heavy usage, one is tempted to 
“quick charge” the battery just enough 
to restore service. A combination of 
shallow charges and deeper-than-nor- 
mal discharges tends to exaggerate the 
energy difference between a weak cell 
and the other cells in the battery system. 
Operated continually in this manner, the 
weak cell inevitably reaches its “knee,” 
the point at which its voltage decreases 
sharply, long before the other cells 
reach the same point. 

At the knee, the picture changes dra¬ 
matically. Suddenly, the weakest cell 
sees an increasingly heavy load, which 
causes its voltage to drop even faster. 
This avalanche continues until the cell is 
completely discharged, even as the oth¬ 
er cells continue to force current to flow. 
The inevitable result is that the weak cell 
begins to charge in reverse, which even¬ 
tually causes an internal short. 

Once an internal short develops, re¬ 
charging the cell at the normal rate is fu¬ 
tile. The short simply bypasses current 
around the cell’s active materials. (Even 
though the cell is apparently dead, most 
of its plate material is still intact.) If the 
small amount of material that forms the 
short could be removed, the cell would 
1981 EDITION 


be restored to virtually its original capac¬ 
ity once again. 

Clearing the Short. Using the circuit 
shown in Fig. 2, the internal short can be 
burned away in a few seconds. In opera¬ 
tion, energy stored in the capacitor is 
rapidly discharged through the dead cell 
to produce the high current necessary to 
clear the short. Current is then limited by 
the resistor to a safe charge rate for a 
small A cell. 

Several applications of discharge cur¬ 
rent are usually necessary to clear a 
cell. During the “zapping” (restoration) 
process, it is a good idea to connect a 
voltmeter across the cell to monitor re¬ 
sults. Momentarily close the normally 
open pushbutton switch several times to 
successively zap the cell, allowing suffi¬ 
cient time for the capacitor to charge up 
between zaps, until the voltage begins 
to rise. Then, with the toggle switch 
closed, watch as the potential across the 
cell climbs to 1.25 volts. If the potential 
stops before full voltage is reached, 
some residual short still remains and 
another series of zaps is in order. If you 
observe no effect whatsoever after sev¬ 
eral zaps and shorting out the cell and 
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Fig. 2. Shorted cell is cleared 
by energy stored in capacitor. 


taking an ohmmeter measurement indi¬ 
cates a dead short, the cell is beyond re¬ 
demption and should be replaced. 

Once full cell potential is achieved, re¬ 
move the charging current and monitor 
battery voltage. If the cell retains its 
charge, it can be returned to charge and 
eventually restored to service. But if the 
cell slowly discharges with no apprecia¬ 
ble load, the residual slight short should 
be cleared. To do this, short circuit the 
cell for a few minutes to discharge it, zap 
again, and recharge it to full capacity. 

Not all Ni-Cd cells can be restored by 
the method described here, but most 
can. After restoration, a cell’s life expect¬ 
ancy will be roughly the same as that of 
the other cells taken from the same 
service application. O 
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Inexpensive alarm device 
detects light changes 
in its held 
of view. 


T he Field Disturbance Sensor pre¬ 
sented here is a useful security de¬ 
vice wherever a reasonable amount of 
ambient light exists, such as in an office 
supplies area or a store showroom. 
Since it does not radiate an r-f or ultra¬ 
sonic signal, it cannot be easily detect¬ 
ed. Featuring a quasi-memory, it can de¬ 
tect removal of an object as well as the 
addition of one within its field of view. 

Thus, the Field Disturbance Sensor is 
difficult to defeat, versatile and easy to 
build owing to a low parts count, and 
readily available components can be 
used. Initial adjustments require only a 
multimeter. 

Theory of Operation. The Field Dis¬ 
turbance Sensor functions like a simple 
camera, with two light-dependent resis¬ 
tors (LDR’s) or photocells taking the 
place of film. A lens projects the image 
or field of view onto the sensitive sur¬ 
faces of the photocells. The resistance 
of each cell is determined by the amount 
of light reaching it. When the field of 
view is normal (that is, when desired 
conditions in the field exist), the cell re¬ 
sistances will assume specific values. If 
an object passes through, is added to, or 
removed from the field, the intensity of 
light impinging on the cells, and thus 
their resistance values, deviates from 
the chosen norm. Any change in the am¬ 
bient light level also changes the photo¬ 
cells’ resistances. 

Two 1C comparators monitor the 
LDRs’ resistances and activate 
an audible alarm if they 
vary by more than a 
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predetermined amount. The alarm will 
continue to sound as long as the field is 
disturbed. Thus, if a person is moving 
through the field, the comparators acti¬ 
vate the alarm as long as he is in view. If 
an object is added or removed from the 
field, the alarm continues to sound until 
the object is withdrawn or replaced, re¬ 
spectively. 

About the Circuit. The schematic 
diagram of the Sensor is shown in Fig. 1. 
Cadmium-sulfide photocells LDR1 and 
LDR2 are connected in series to form a 
voltage divider and placed behind a lens 
(see Fig. 2). As the field of view is al¬ 
tered, the resistances of the photocells 
vary inversely in proportion to the 
amount of light striking their sensitive 
surfaces. An object entering the right 
side of the field of view produces a 
greater effect on the left photocell, and 
vice versa. A change in resistance of 
either cell causes a variation in the volt¬ 
age at the junction of the two cells. This 
voltage is called V|N. 

A second voltage divider comprising 
R2, R3, and R4 provides reference volt¬ 
ages for comparators IC1 and IC2. 
These references are designated Vut 
and Vlt* The upper threshold (Vut) is 
applied to the noninverting input of IC1 
and the lower threshold (Vlt) is applied 
to the inverting input of IC2. Voltage 
from the junction of the photocells (V|n) 
is applied to the inverting input of IC1 
and the noninverting input of IC2. 

Potentiometer R1 is placed in 
parallel with LDR1 so that 
Vin can be trimmed to one 
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Fig. 1. Light hitting LDR’s determines inputs to op amp comparators. 


PARTS LIST 


A1—Mallory SC628P Sonalert, or similar 
B1 through B4—AA cells 
1C 1, IC2—LM311N comparator 
LDR1, LDR2—Cadmium-sulfide photocell 
(Radio Shack 276-116) 

Q1—Pnp silicon switching transistor (Radio 
Shack 276-2024) 

R1—500,000-ohm trimmer potentiometer 
(Radio Shack 271-221) 

R2—5000-ohm trimmer potentiometer. 

(Radio Shack 271-217) 

R3, R4, R5—10,000-ohm. 14-watt, 5% toler¬ 
ance resistor 


Misc.—Bi-convex 50.8 x 50.8 mm lens 
(available for $22.60, No. 01 LDX 115, 
from Melles Griot, 1770 Kettering Street. 
Irvine, CA 92714); rubber “O” rings; ce¬ 
ment; suitable wood, plastic or metal stock 
and tubing; IC socket or Molex Soldercons; 
battery holders (Radio Shack 270-1433); 
printed circuit board (available from J. Os¬ 
wald, 1436 Gerhardt Ave., San Jose, CA 
95125, for S4.25 ppd.); hookup wire, 
etc. 



Fig. 2. Dimensions 
for cutting PVC 
pipe to make 


"a°xis Z l ens assembly 


energize the alarm. If the photocells are 
affected in the opposite manner, V|n will 
drop below its initial value. When V|n is 
less than Vi_j, the output of IC2 will go 
low, forward biasing Ql, which in turn 
sources current for the alarm. 

In effect, we have set up a voltage 
window by adjusting R2. This window is 
centered around V|N- Any variation in 
V|n which exceeds this voltage window 
activates the alarm. The window can be 
made very narrow—on the order of a 
few millivolts at the maximum sensitivity 
of the Sensor. 

Construction. The project comprises 
a lens assembly, a printed circuit board, 
and a base. The lens is 2" in diameter 
and has a focal length of 2" (50.8 x 50.8 
mm). A lens tube can be fabricated from 
a cardboard mailing tube, aluminum or 
PVC pipe. Two-inch I.D. PVC pipe is 
easily cut to size and cements readily to 
other plastics and wood. Dimensions for 
the lens tube are shown in Fig. 2. The 
lens is mounted in the tube with a pair of 
rubber “O” rings (available from hard¬ 
ware stores). When the rings and lens 
are properly positioned in the tube, the 
rings should be secured in place with a 
few drops of cement. 

The base assembly can be construct¬ 
ed from plastic, wood or metal. Suggest¬ 
ed dimensions are shown ip Fig. 3. The 
prototype has a hole centered on the 
bottom side of the base tapped for W x 
20 threads. This facilitates mounting the 
project on a camera tripod. A small “L” 
bracket to hold the alarm can be formed 
from a 2" x 3" (5.1 x 7.6 cm) piece of 
steel or aluminum stock. 

Photocells LDR1 and LDR2 are 
mounted on the base assembly after a 
preliminary test. Place the cells side by 
side on a flat surface about 6" (15.2 cm) 
from a light-colored wall which is il- 


half the supply voltage (3 V). Potentio¬ 
meter R2 adjusts the reference voltage 
divider so that Vyj will be slightly great¬ 
er than V|N and V|_T will be slightly less 
than V||sj. When this occurs, the outputs 
of both comparators (uncommitted col¬ 
lectors on-chip) are high and Ql is cut 
off. No current flows through alarm A1 . 

Any change within the field of view will 
cause variations in the resistances of 
LDR1 and LDR2 and in the magnitude of 
V||\j. If the change decreases the re¬ 
sistance of LDR1 or increases the re¬ 
sistance of LDR2 , Vin will exceed its ini¬ 
tial value. When V||sj is greater than 
Vut. 101 will change state and its output 
will go low. This will forward bias Ql and 
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Fig. 3. Instructions and dimensions for assembling 

the base. A hole in the bottom can be used for tripod mounting. 
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luminated with normal ambient light. 
Measure the resistance of each cell and 
denote the one with the higher re¬ 
sistance LDR1. Then mount the LDR’s 
on the base assembly, securing them 
with cement. The photocells should be 
spaced as far apart as possible, but be 
sure they can be encompassed by the 
lens tube. Then cement the lens tube to 
the base assembly. 

Suitable etching and drilling and parts 
placement guides for the printed circuit 
board are shown in Fig. 4. Both IC’s can 
be mounted in a single 16-pin socket, or 
Molex Soldercons can be used. Connect 
lengths of hookup wire to the pc pads for 
the LDR’s and the Sonalert. Be sure to 
leave enough wire for the leads to reach 
their respective components when the 
printed circuit board is installed. Battery 
holders for the four AA cells can be 
mounted directly on the board. When all 
components and leads are in place, the 
pc board is mounted on the base as¬ 
sembly with (1.27-cm) spacers and 
No. 4 hardware. Double check your wir¬ 
ing and orientation of semiconductors. 
Then install the batteries in their holder. 
The project should start beeping loudly. 

Adjustment. Place the Sensor in po¬ 
sition to cover the desired field of view. 
(Remember that adequate ambient light 
is required for correct operation of the 
project.) Apply the positive probe of a 
voltmeter to point V|n and the negative 
lead to ground (battery negative). Adjust 
R1 for a reading of approximately 3 
volts. Then move the negative probe to 
point V|n and the positive probe to Vyj. 
Adjust R2 for the smallest voltage possi¬ 
ble without activating the alarm. When 
these adjustments are performed, Vyj 
will be slightly positive with respect to 
V|N, and Vlj slightly negative. 

The sensor is now operational. Have 
some fun trying to outwit it! 

Use. Keep in mind that the project oper¬ 
ates on ambient light. Accordingly, ade¬ 
quate lighting must be maintained where 
the Sensor is to be used. Under good 
lighting conditions, as found in most of¬ 
fices and showrooms, the Sensor func¬ 
tions over a distance of 25 feet (8 m) or 
more if the intrusion or change provides 
a moderate contrast to the existing 
background. Closer in, the project will 
detect such changes as smoke or fire. 

To alter the pattern of the field or to 
gain greater light-gathering power, dif¬ 
ferent lenses could be used. Also, more 
sensitive photocells could be employed. 
The audible alarm could be supplement¬ 
ed or replaced by a relay for intercon¬ 



Fig. 4. Etching 
and drilling guide 
(below) and 
component placement 
for pc board. 



nection with an existing alarm system. 
There are obviously many possibilities 
for those inclined to experiment! 

Battery life will depend on the number 
and duration of alarms. Quiescent cur¬ 
rent drain is only four milliamperes, so 
long life can be expected from the AA 
cells, especially if alkaline batteries are 


used. Of course, you could also use 
NiCd cells or a line-powered, regulated 
low-ripple dc supply with back-up batter¬ 
ies. No matter how you power the Sen¬ 
sor, you will find it fun to build, even 
more fun to attempt to defeat, and in 
proper applications, a very good and 
useful security device. & 
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CONSTRUCTION 


Protect Your 

AIR CONDITIONER 
WITH A 

“COMPRESSOR 

GUARD” 


Add-on device prevents compressor 
damage due to sudden loss 
and reappearance of electric power 
and low-voltage conditions. 

BY RICHARD B. FERMOYLE 


P OWER BLACKOUTS and brown- 
outs, especially during hot spells 
when the demand for power is at its 
peak, can cause damage to air-condi¬ 
tioners, refrigerators, and freezers. You 
can protect your compressor-type appli¬ 
ances from damage due to fluctuating 
power with the “Compressor Guard” de¬ 
scribed in this article. It costs about $15 
to build and is easily installed. 

Problem Defined. If power to the 
compressor is suddenly lost and reap¬ 
plied before system pressures can be 
equalized, such as during a momentary 
power outage, damage to the system 
compressor can result. A low-voltage 
condition, commonly called “brownout,” 
can also cause damage. In both cases, 
the damage usually takes place 
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Fig. 1. Circuit provides 4.5 min. delay before power is applied. 

PARTS LIST 


Cl — I(K)-p.F, 50-volt electrolytic 
C2.C3—0.01 -jjlF disc capacitor 
C4—0.1 -p.F disc capacitor 
C5—10 -mF Tantalum capacitor (must be 
of a high-grade low-leakage type) 

D2—Zener diode (see text) 

D3—IN4001 rectifier diode 
FI—14-ampere fast-blow fuse and holder 
IC1-7812 voltage regulator 
IC2—555 timer 

Kl—Spst relay with 12-voltcoil and I-ampere 
contacts (Radio Shack No. 275-003 or simi¬ 
lar) or appropriate substitute (see text) 
LEDI.LED2—Discrete light-emitting diode 


in the compressor’s drive motor as a re¬ 
sult of overheating due to excessive cur¬ 
rent drain. 

Unfortunately, the compressor and its 
associated drive motor are generally 
contained in a single sealed unit in home 
appliances. This means that the entire 
unit must be replaced as one expensive 
component. Although the drive motor for 
the compressor is usually equipped with 
a thermal circuit breaker, it takes time for 
it to sense an overload condition and 
disable power to the motor. The problem 
here is that during the time the overload 
condition exists, before it is sensed and 
power is cut off. the motor can stall and 
burn out. Repeated momentary power 
outages’ take their toll in weakening the 
motor, with the result that the motor is ul¬ 
timately damaged even with the thermal 
circuit breaker in proper operating condi¬ 
tion protecting the circuit. 

The Compressor Guard circuit de¬ 
scribed here can be added to any com¬ 
pressor-type appliance to provide an 
added degree of protection. 


(one red, one green) 

Q1 ,Q2—M9570 or similar npn transistor 

The following resistors are 14-watt, 10%: 

RI —10.(XX) ohms 
R2—22 megohms 
R3—100.000 ohms 
R4—I500 ohms 
R5.R6—560 ohms 

RECTI—50 PIV bridge rectifier assembly 
SI ,S2—Spst switch 

Misc.—Socket for 1C2; chassis; 4-conductor 
cable; rubber grommets; machine hardware; 
hookup wire; solder; etc. 


How It Works. As shown in Fig. 1, the. 
Compressor Guard is built around a 555 
timer integrated circuit (IC2). The power 
source for the timer circuit is 24 volts ac, 
which is taken from the appliance itself. 
In the case of a central air-conditioning 
system, the 24 volts is supplied by the 
system’s step-down transformer, as 


LjuulqjlJ 


shown in Fig. 2. This transformer is part 
of the air-conditioning control circuitry 
and supplies power to the compressor’s 
control relay through the contacts of the 
house thermostat. If the house is too 
warm, the thermostat closes and ener¬ 
gizes the control relay, which in turn 
supplies power to the compressor unit. 
(Note; If the compressor system oper¬ 
ates at a higher voltage, a separate 24- 
volt source and a relay with contacts rat¬ 
ed for high voltage and current must be 
used in addition.) 

The 24 volts ac is converted to regu¬ 
lated dc by RECTI, Cl, and IC1 in Fig. 1 
to supply power for the timer circuit. 
Approximately 4.5 minutes after power 
is applied, pin 3 of IC2 switches low 
and energizes relay Kl. The period is 
controlled by R2 and C5. With the Kl 
contacts closed, a series circuit with the 
system’s thermostat is completed. The 
compressor can then energize. If a mo¬ 
mentary power outage occurs, a mini¬ 
mum of 4.5 minutes must lapse before 
power can be reapplied to the compres¬ 
sor. This period of time is all that is 
needed to allow system pressures to 
equalize and the compressor to be safe¬ 
ly started once again. 

The low-voltage brownout protection 
feature of the Compressor Guard is pro¬ 
vided by the Q1 and Q2 circuits. The 
breakdown voltage rating of zener diode 
D2 is approximately 7% to 10% less 
than the normal dc output potential of 
RECTI. As long as the output potential 
from RECTI is greater than the break¬ 
down point of D2, Q2 is in a state of con¬ 
duction and Q1 is held at cutoff. 

If system line voltage drops, a result¬ 
ant decrease in the output potential from 
RECTI will occur. If the potential drops 
to less than the breakdown voltage of 
D2, Q2 goes into cutoff and Q1 con¬ 
ducts. This grounds pin 2 of IC2, caus- 
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Fig. 2. Circuit showing how to wire 
Compressor Guard to existing system. 
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Fig. 3. It is best to assemble the circuit 
on a printed circuit board. An etching and 
drilling guide is at top with component 
placement guide shown below it. 



Fig. 4. Photo 
of prototype 
printed circuit 
board removed 
from enclosure. 


ICI a HEAT SINK 


ing pin 3 of IC2 to switch high and 
deenergizing K1. As long as the low- 
voltage condition exists, K1 remains 
deenergized and interrupts power to the 
compressor. About 4.5 minutes after the 
brownout condition clears, K1 energizes 
to once again supply power to the com¬ 
pressor system. 

Status indication of the timer circuit is 


provided by LED1 and LED2, which are 
red and green light-emitting diodes, re¬ 
spectively. While the timer is cycling 
LED1 is on. Then, when K1 is ener¬ 
gized, LED1 extinguishes and LED2 
comes on. The LED’s and resistors R5 
and R6 are not essential to the circuit 
and can be omitted if desired. 

The Compressor Guard can be by¬ 


passed by closing S2. This shorts out 
the contacts of K1. Switch S2 is included 
in the circuit to allow system mainte¬ 
nance to be performed. 

Construction. Most of the circuit is 
best assembled on a printed circuit 
board, the etching-and-drilling guide and 
component-placement diagram for 
which are shown in Fig. 3. A small right- 
angle bracket is used as a heatsink for 
regulator ICI. 

Since the pc board assembly mounts 
behind the front panel of the cabinet in 
which the circuit is housed, LED1 and 
LED2 (if used) should be mounted on 
the foil side of the board. Leave enough 
lead length on the LED’s to permit the 
lenses to fit into small rubber grommets 
in the front panel when the board is 
mounted in place with spacers and ma¬ 
chine hardware. The fuse holder for FI , 
power switch SI, and operate/ 
bypass switch S2 should also be 
mounted on the front panel. 

The 24-volt power and relay contact 
lines can be contained in a four-conduc¬ 
tor cable that enters the cabinet through 
a rubber-grommet-lined hole in the front 
panel. The assembled printed circuit 
board is shown in Fig. 4. 

To install the Compressor Guard in a 
system, use the diagram shown in Fig. 2 
as a guide. Although Fig. 2 is the repre¬ 
sentation of the typical scheme used in 
most central air-conditioning systems, 
check your system closely to insure 
compatibility with the Compressor 
Guard’s circuitry. Also, if you are using 
the Compressor Guard to protect a re¬ 
frigerator or freezer that does not have 
the stepped-down 24 volts required, be 
sure to use a separate 24-volt supply 
and a heavy-duty relay. 

With the Compressor Guard turned on 
and the compressor running, measure 
the dc output potential from RECTI. 
Then multiply the figure obtained by 
0.93 or 0.90 to obtain the approximate 
breakdown value of the zener diode re¬ 
quired for D2. If you cannot obtain a zen¬ 
er diode with the proper breakdown volt¬ 
age, use two zener diodes that, when 
connected in series, yield a break¬ 
down characteristic that is as close as 
possible to the required value. 

One Last Note. The Compressor 
Guard presented here has been de¬ 
signed for inside installations. If you plan 
to use it in an outside air-conditioning in¬ 
stallation, be sure to provide adequate 
weather proofing to protect the circuit 
from the elements. O 
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Autoranging 

Digital 

Capacitance 

Meter 


BY DAVID H. DAGE 


Autoranges from 1 pF to 1 /jlF and from 1 pF to 4000 pF. 
Updates readings automatically. 


T HE DIGITAL-READOUT capaci¬ 
tance meter described here is a 
most useful instrument when one has to 
determine values of unmarked capaci¬ 
tors or those with unknown codes, or 
when checking the tolerances of marked 
components. Its autorange function 
greatly simplifies what would ordinarily 
be a measurement chore without this 
feature. Moreover, the meter’s accuracy 
of over 1% (dependent on the toler¬ 
ances of a few passive components) 
from 1 pF to 4000 enhances its utili¬ 
ty. The project is easy on the budget, 
too, as low-cost 7400 series logic and 
555 timer IC’s are used throughout. 

To operate, simply turn on the unit, 
connect a capacitor to the test terminals, 
and read the digital value displayed for 
any capacitor up to 1 jxF. Switching a 
mode switch from nF to p.F extends the 
autorange function to 4000 \xF and 
beyond, limited only by the leakage 
characteristics of the test capacitor. 

How it Works. Traditionally, capaci¬ 
tance has been measured on an ac 
bridge by balancing known components 
against the reactance of an unknown ca¬ 
pacitance at a given, fixed frequency. 
However, instruments are now appear¬ 
ing which employ a different method to 
determine capacitance—they measure 
time. Here’s how. 

Mathematically, the voltage across a 
capacitor discharging through a resistor 


in a simple RC network can be ex¬ 
pressed by the equation: 

Vc = Vo (1 -e~t /RC ) 
where Vo is the voltage across the ca¬ 
pacitor when fully charged, R the re¬ 
sistance in ohms, C the capacitance in 
farads, t the time in seconds, and e the 
exponential constant or base for natural 
logarithms (approximately equal to 
2.718). If we let a capacitor that has 
charged to a known voltage discharge 
through a fixed, stable resistance to 
some given voltage, the discharge time 
will be directly proportional to the com¬ 
ponent’s capacitance, which then can 
be readily determined. 

The meter described here employs 
this method of measurement, which 
readily lends itself to use with a digital 
readout and eliminates null adjustments. 
As shown in Fig. 1, the capacitance to 
be measured is charged through Ra and 
Rg • When the voltage across the capa¬ 
citor equals Vref. comparator A sets 
the flip-flop, turning on the transistor. 
The capacitor then discharges through 
Ra until the voltage across it drops to 
one-half Vref- At this point, comparator 
B resets the flip-flop, which in turn cuts 
off the transistor. The capacitor then 
starts to charge up to Vref> and the cy¬ 
cle is repeated. 

A reference oscillator output at a fixed 
frequency is gated by the flip-flop output 
signal. The gated reference pulses are 
counted by a digital counter, decoded, 


and displayed directly as capacitance. 
The two comparators, flip-flop, transis¬ 
tor, reference voltage sources, and an 
output driver are all contained in one 
package—the common 555 timer 1C. 

The meter’s autorange circuit func¬ 
tions during a single capacitor discharge 
cycle. If the three-decade counter over¬ 
flows, the reference frequency input is 
automatically divided by ten. Simultane¬ 
ously, the decimal point in the digital dis¬ 
play is shifted one position to the right. If 
necessary, the process is repeated once 


Interior photo of prototype . 
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Fig. 1. Block diagram of 
the capacitance meter. 
Circuit determines unknown 
capacitance by measuring 
time it takes to discharge. 


PARTS LIST 


Cl—4000-p.F, 16-V electrolytic capacitor 
C2,C4,C8 through C16, C23—0.01 -jjlF disc 
ceramic capacitor 

C3—0.0033-^lF, 10% Mylar capacitor 
C5—0.1 jaF disc ceramic capacitor 
C6,C 17—4.7-p.F, 16-volt tantalum capacitor 
C7—220-^F, 16-volt electrolytic capacitor 
C18—0.01-p.F, 5% polystyrene capacitor 
C19—820-pF, 5% polystyrene capacitor 
C20—470-pF, 5% polystyrene capacitor 
C21—220-pF, 5% polystyrene capacitor 
C22—0.005-p.F, 10% Mylar capacitor 
D1 ,D2—1N4002 silicon diode 
D3 through D5—1N4154 or HEP R0600 sili¬ 
con fast-recovery diode 
DIS1 through DIS3—DL707 common-anode, 
seven-segment LED display 
FI, F2—14-ampere fast-blow fuse 
IC1 ,IC2,IC3,IC17,IC18,ICI9—7490 decade 
counter 

IC4.IC15—7404 hex inverter 
1C5—74125 Tri-State quad buffer 
IC6.IC20—555 timer 

IC7,IC8,1C22—7400 quad Two-input NAND- 
gate 

IC9,1C 10,10 1—7447 BCD to seven-segment 
decoder/driver 

10 2,10 3—7474 dual D edge-triggered flip- 
flop 

ICI4,IC21—74121 monostable multivibrator 
106—7493 4-bit binary counter 
IC23—LM309K 5-volt regulator 
LI — 13-p.H inductor 

LED1. LED2—20-mA light emitting diode 
RI — 100,000-ohm pc mount trimmer potenti¬ 
ometer 

R2—I-megohm, 1% tolerance, 50 ppm/°C 
metal film resistor 


R3—100-ohm pc mount trimmer potentiome¬ 
ter 

R4—1000-ohm, 1% tolerance, 50 ppm/°C 
metal film resistor 

RIO—25,000-ohm, panel mount linear taper 
potentiometer 

The following are 14-watt, 5% tolerance car¬ 
bon composition resistors. 

R5—1000 ohms 
R6, R7—100,000 ohms 
R8, R9—1500 ohms 
R11,R12,R13—100 ohms 
R14, R15—3300 ohms 
R16 through R20—470 ohms 
R2:1, Rl:2, R3:3, R5:4, R4:6, R7:5, R6:7 
(one set for each of three decades)—330 
ohms 

Sl—3-pole, 3-position rotary switch 
Ti — 16-volt center-tapped transformer 
Misc.—Suitable enclosure, banana jacks or 
binding posts for C x terminals, printed cir¬ 
cuit board, fuseholders, knobs, hook-up 
wire, IC sockets or Molex Soldercons, hard¬ 
ware, solder, etc. 

Note—The following items are available from 
Dage Scientific Instruments, Box 1054, Li¬ 
vermore, CA 94550: CM-6 complete kit of 
parts, including tested IC’s, cabinet, hard¬ 
ware, miscellaneous items, calibration ca¬ 
pacitor, and assembly manual, $79.95 in 
U.S. and Canada. CM-68 partial kit in¬ 
cludes etched and drilled double-sided pc 
board, 13-p.H inductor, polystyrene capaci¬ 
tors (Cl8 through C21), calibration capaci¬ 
tor, and assembly manual for $24 in U.S. 
and Canada. U.S. residents add $1 postage 
and handling, Canadians add $3. Californi¬ 
ans add sales tax. 


or twice, resulting in four automatically 
selected ranges. Additional overflow 
pulses are displayed by two LED’s locat¬ 
ed to the left of the display. 

Circuit Details. Refer to the appropri¬ 
ate schematic (Figs. 2 through 6) for the 
following detailed circuit description. 
Free-running 555 timer IC20 (Fig. 2) is 
the basic capacitance measuring circuit, 
comprising the comparators, reference 
voltages, flip-flop, and discharge transis¬ 
tor described previously. The timer’s dis¬ 
charge period is used to measure the 
component under test. When mode 
switch SI is in the nF position, the dis¬ 
charge period is determined by R1, R2, 
and Cx In the piF position, the interval is 
determined by R3, R4, and Cx 
1981 EDITION 



♦ CLOSE-TOLERANCE COMPONENTS 

Fig. 2. Input stage has 
free-running 555 timer. 


A second free-running 555 timer, IC6 
Fig. 3), is employed in an autocycling 
circuit which automatically updates the 
capacitance measurement. The refer¬ 
ence frequency (about 1.4 MHz) is sup¬ 


plied by a Colpitts oscillator made up of 
IC4, LI, and Cl8 through C21. Signals 
from the reference oscillator and timers 
IC6 and IC20 are combined by dual-D 
flip-flops IC12 and IC13. One half of 
IC12 synchronizes the output of IC20 
with the 1.4-MHz reference frequency, 
providing dual-phase (Q and Q) outputs. 
The other half of IC12 and IC13 select 
one discharge pulse from IC20 after the 
output of autocycle timer IC6 goes high. 
The flip-flops disable IC6 until the dis¬ 
charge pulse is completed. 

The reference oscillator output is gat¬ 
ed by IC7 so that it passes to the count¬ 
ing stages during one discharge period 
of Cx per measuring interval. Monosta¬ 
ble multivibrator IC14, when triggered by 



♦ SEE TEXT 

Fig. 3. Oscillator , sync. t 
and reset circuits. 

the leading edge of the synchronized 
discharge pulse, resets decade coun¬ 
ters IC16 through IC19 and dividers IC1 
through IC3. When SI is in the nF posi¬ 
tion, the width of the reset pulse gener¬ 
ated by IC14 is controlled by the setting 
of zero trimmer potentiometer RIO. 
This allows the user to keep stray capa¬ 
citance out of the measurement. 

The gated reference signal is divided 
by decade counters IC1, IC2 and IC3. 
Output signals from these counters, at 
1/1000th, 1/100th, and one-tenth the in¬ 
put frequency, are applied to Tri-State 
logic switch IC5 (Fig. 5), which passes 
the appropriate pulse train to decade 
counter IC19. Overflow pulses from this 
BCD decade counter are applied to 
counter IC18, whose overflow pulses in 
turn are counted by IC17. Binary coded 
decimal outputs from these three dec¬ 
ade counters are decoded by IC9, IC10 
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Fig. 4. Display and drivers. 

and IC11 (Fig. 4), which also drive sev¬ 
en-segment displays DIS1, DIS2, and 
DIS3. Current limiting for each display is 
performed by resistors R2:1, R1:2, R3:3, 
R5:4, R4:6, R7:5, and R6:7. (This meth¬ 
od of identifying the resistors is dis¬ 
cussed in the Construction section of the 
article.) 

Now we’ll examine the capacitance 
meter’s autorange circuitry (Fig. 5). 
Overflow pulses from the last BCD dec¬ 
ade counter (IC17) are applied to 4-bit 
binary counter IC16. This 1C has four 
weighted binary outputs, A, B, C, and D, 
which are inverted by IC15. Lines A, A, 
B, and B are decoded by the NAND 
gates in IC8 to provide control signals 
for the Tri-State logic switches in IC5 
and selection of the proper display deci¬ 
mal point. Outputs C and C either sink or 
block current from overrange indicators 
LED1 and LED2. 

Assume that counters IC17 through 
IC19 have counted 999 pulses and the 
display reads ‘‘.999.” Upon receipt of the 
next pulse, the decimal point is shifted 
one position to the right and the display 
reads ”0.00.” Tri-State switch IC5 then 
passes the 410 reference output of IC3 
to decade counters /Ct 7 through IC19. 
One-shot IC21 and IC22 then produce a 
pulse which advances the most signifi¬ 
cant counter and (leftmost) display by 
one so that the displays now read 
"1.00.” If necessary, this process is re¬ 
peated once or twice, resulting in an au¬ 
torange function of 1000:1. After the 
third counting sequence, the overflow 
pulses cycle the two overrange LED’s to 
indicate a count of 1000 pulses. 

The 7400 series IC’s require 4-5 volts, 
which is provided by the projects’s pow¬ 
er supply (Fig. 6). Transformer T1 re ¬ 


I 


duces the line voltage to a convenient 
value. The low-voltage ac is rectified by 
D1 and D2 into pulsating dc and 
smoothed by Cl. A regulated dc output 
at 4-5 volts is provided by IC23. Al¬ 
though the regulator 1C can provide a 1- 
ampere output, the capacitance meter 
circuitry requires only about 700 mA. 

Construction. For the most part, the 
circuit is not critical and any assembly 
technique can be used to reproduce it. 
However, the measuring circuit compris¬ 
ing IC20 and its associated components 
is critical, and should be properly shield¬ 
ed and decoupled from the other stages. 
Etching and drilling and parts placement 
guides for a suitable printed circuit board 
are shown in Figs. 7 and 8. 

The pc board holds all components of 


feed-through pads are accessible to the 
sides of the sockets. Molex Soldercons 
present no problem, as they can be sol¬ 
dered on both sides of the board. The 42 
feedthrough points are identified by cir¬ 
cles on the component placement guide 
(Fig. 8). 

Sockets or Molex Soldercons are man¬ 
datory for the LED displays and decod- 
er/drivers. By cutting a socket length¬ 
wise or using Molex Soldercons on the 
outside pin rows, as shown in Fig. 9A, a 
trough is provided under the displays 
. and decoder/drivers into which the cur¬ 
rent-limiting resistors are placed. Num¬ 
bering the holes from the center both up 
and down will allow quick resistor place¬ 
ment. For example, the leads of R2:1 
occupy the second hole up and the first 
hole down. (See Fig. 9B.) Use small, 14- 



Fig. 5. Schematic of meter's autorange circuit. 

the capacitance meter, less those in the 
power supply. It is a double-sided board 
on which many connections must be 
made between the top and bottom foil 
patterns. If you cannot make plated 
through holes, you must use wire feed¬ 
throughs to make the necessary con¬ 
nections. Component leads must be sol¬ 
dered on both sides of the board when 
pads are available. 

Sockets or Molex Soldercons should 
be used to hold the integrated circuit and 
display packages. However, it is impos¬ 
sible to solder leads to pads on the com¬ 
ponent side of the board when they are 
under an 1C socket. Because of this, all 
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OFF 


34 


! SIA 

I 




watt resistors and, where necessary, in¬ 
sulate leads with sleeving. 

The critical components on the board 
are LI, Cl8 through C21, which deter¬ 
mine the frequency of the reference os¬ 
cillator, and R1 through R4 which with 
IC20 form the basic capacitance mea¬ 
suring circuit. 

High-quality polystyrene capacitors 
and metal-film fixed resistors with tem¬ 
perature coefficients of less than 50 
ppm/°C should be used. These compo¬ 
nents, together with IC20 , will determine 
the long-term accuracy of the meter and 
measurement error as a function of tem¬ 
perature. If high-quality components are 
used and the meter is properly calibrat¬ 
ed, its accuracy will be at least 1% at 
room temperature. 

Checkout and Calibration. A prop¬ 
erly functioning unit will respond as fol¬ 
lows, and should then be calibrated. Ro¬ 
tate R1, R3, and RIO fully counterclock- 
ELECTR0NIC EXPERIMENTER’S HANDBOOK 








































































































































The chances are excellent that... 

You have a talent other people 
are willing to pay for! 


You’re “handy” around your 
house, have the ability to fix 
things, and “make them work 
right”... that’s why there 
may be a rewarding career 
for you in Electronics. 

A career in Electronics? 

Absolutely. Because you’re interested 
in things. How they work. Why they 
work. How to take them apart and 
put them back together. Plus . . . 
you’ve got a head for detail work. 

Your chances are excellent 

With the right kind of specialized 
technical training, you can have a 
challenging, financially rewarding future waiting for 
you in Electronics. Think of the career opportunities 
. . . computers, aerospace, 2-way radio communica¬ 
tions, radio/TV broadcasting, medical electronics, to 
name just a few. 

And, surprisingly, you don’t need a college degree! 
All you need to do to qualify for one of these excit¬ 
ing career fields is to build upon the technical aptitude 
you already have . . . just put your hands and your 
head to work with a CIE Electronics career course. 

You learn by doing 

The CIE method of instruction is the refinement of 
over 40 years of Electronics, independent home-study 
experience. It works. And you don’t need any prior 
electronics experience. A CIE career course can take 
you from ground zero right up to training in Lasers, 
Microminiaturization, Radar, Analog Computers, 
and various applications in Communications. 

In some CIE courses, you’ll perform “hands-on” 
experiments and tests with your own Personal Train¬ 
ing Laboratory. In other courses, a Digital Learning 
Laboratory lets you apply the digital theory that’s 
essential today for anyone who wants to keep pace 


with state-of-the-art electronics 
technology. This “heads and hands” 
learning locks in understanding of the 
important principles you’ll use on the 
job. If you’re going to learn elec¬ 
tronics, you might as well learn it 
right. But don’t kid yourself... 

Electronics is not an “easy” science 
and CIE courses are not “snaps.” 
Subject matter is technical, thorough, 
and challenging. It has to be. We’re 
training you for a career . So the pre¬ 
sentation of ideas is logical, written in 
easy-to-understand language . . . you 
progress step by step, at your own 
pace. 

CIE Education by mail 

There is no need to “go back to the 
classroom” with CIE. Because you 
learn at home or wherever else is convenient. You 
keep your present job and income. No cross-town 
commutes. You decide when and where you study best. 

Your eventual success ... at CIE and in your elec¬ 
tronics career . . . will be determined by your own 
motivation and self-discipline. You can do it. And CIE 



Pattern shown on oscilloscope screen is simulated. 



Put your talent to full use 

We believe that you may be a “natural" for Electronics, 
and we’d like to tell you more about potential career 
fields and our school. We’ll be glad to send you our 
complete package of FREE career information if you’ll 
send in the card or write mentioning the name and date 
of this magazine. For your convenience, we’ll try to 
have a school representative contact you to review vari¬ 


ous educational programs and assist in course selection. 
As soon as we receive your request, we’ll mail you our 
school catalog, complete G.l. Bill details, and special 
information on government FCC License preparation. 
There’s no obligation. 

Let’s discuss your new career in Electronics, NOW! 
Send for your FREE school catalog and career infor¬ 
mation TODAY. 


Cleveland Institute of Electronics, Inc. 
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177S East 17th Street, Cleveland, Ohio 
Accredited Member National Home Study Council 
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wise, set SI to the nF position and apply 
power to the project. The display will 
light and within 2 seconds will reset to 
“.000.” Rotate zero potentiometer RIO 
fully clockwise. The display will indicate 


a few picofarads (.003 to .030 nF). 
Slowly rotate the zero potentiometer 
counterclockwise until the display reads 
“.001.” Rotate the control slightly coun¬ 
terclockwise until it reads “.000.” 


Connect a reference capacitor with a 
known value of 0.68-fxF to the Cx termi¬ 
nals of the meter. The display will count 
up for about one-half second and stop at 
some value which is not critical at this 
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time. Place SI in the *xf position. The 
display will read a similar value, but will 
not appear to flicker. Finally, place a 
5000-to-8000-fxF capacitor across the 
Cx terminals. Within a few seconds, the 
display will advance and the overrange 
LED’s will cycle top on only, bottom on 
only, both on, both off, and repeat the 
sequence. The meter is now ready for 
calibration. 

The most direct method of calibration 
is to measure a reference capacitor 
whose value is about 0.7 pf. A precision 
capacitor will be very expensive, so if 
you have access to a precision (0.1% or 
better) capacitance bridge, measure the 
value of a good-quality Mylar capacitor 
on it. If the capacitor is used at approxi¬ 
mately the same temperature as the 
bridge environment, it will be a suitable 
reference component. 

The 0.7-p.F capacitor will be used as a 
reference for both the nF and jxf switch 
positions. Setting one point for each po¬ 
sition is all that is required, as absolute 
linearity is provided by the project cir¬ 
cuitry. The reference oscillator’s mean 
output frequency is designed to be 
slightly high when only C18 and C19 are 
included in the circuit. If trimmer potenti¬ 
ometers R1 and R3 cannot be adjusted 
to bring the display reading into agree¬ 
ment with the value of the reference 
component, install C20 and/or C21. Ca¬ 
libration is now a matter of merely con¬ 
necting the reference capacitor to the Cx 
terminals, placing SI in the ijlF position, 
and adjusting R3 until the display 


C]0 ^7 ^11 R 13 R|2 Rll ^8 


Cl8 C20 ^21 9 19 J-l 



Fig. 8. Component placement guide. Numbered circles are feedthroughs. 


matches the value of the reference com¬ 
ponent. Then, SI should be placed in 
the nF position and R1 adjusted for the 
same displayed capacitance. 

Using the Meter. Apply power to the 
project by placing SI in the nF position. 
Zero the display by slowly rotating the 
shaft of RIO counterclockwise until the 
display reads, “.001,” advancing the 
control slightly more until a “.000” read¬ 
ing is obtained. Once zeroed, no further 
adjustments are necessary. The pf po¬ 
sition does not require zeroing. 



Fig. 9. A trough is provided 
for the current-limiting 
resistors as shown in (A). 
Diagram at (B) shows how 
numbering the holes allows 
quick resistor placement. 



Connect the capacitor to be measured 
across the Cx terminals. Polarized ca¬ 
pacitors must be oriented positive to 
positive, negative to negative. Do not 
connect charged capacitors to the pro¬ 
ject. Although the input circuitry is pro¬ 
tected with clamping diodes and a fuse, 
charged capacitors might damage the 
project. 

Capacitance is displayed in either nF 
or |jlf, depending on the setting of SI. 
Values greater than 1000 nF should be 
read in the fxF position. Capacitance 
greater than 1000 pf is determined by 
observing the overrange LED’s to the 
left of the display. Because these -two 
LED’s cycle every Vs second, they are 
easily observed. If the top LED glows, 
1000 fxF is indicated; if the bottom LED 
glows, 2000 p.F; if both, 3000 p.F. 

This sequence will then repeat, with 
two dark LED’s representing 4000 piF; 
the top LED glowing, 5000 p-F; the bot¬ 
tom LED, 6000 fxF; both on, 7000 p.F; 
both dark, 8000 *jlF; and so on until the 
cycling stops. Values up to several thou¬ 
sand microfarads can be measured. The 
upper limit is determined mainly by ca¬ 
pacitor leakage, and to a lesser extent 
by your patience! Capacitors with high 
leakage will never charge to Vref. anci 
thus will not trigger the discharge cycle. 

When using the capacitance meter 
with SI in the nF position, treat the read¬ 
ing as if it were in picofarads if the deci¬ 
mal point is to the left. That is, “.084” 
should be read as 84 pF, and ".003” as 
3 pF. With a little experience, you will 
quickly become familiar with the auto¬ 
range function and the behavior of the 
overrange LED’s. C> 
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Two-chip, four-channel 
converter works with 
any 8-bit computer. 

BY W. L. GREEN 


BUILD A 


LOW-COST 


A/D CONVERTER 


any 8-bit computer that has a latched 
output port and a three-state input port. 
Digit and channel selection is under soft¬ 
ware control. Since the circuit is all 
CMOS, very little power is required. 

As shown in Fig. 1. the A/D converter 
employs two IC’s and a handful of pas¬ 
sive components. One of the four input 
switch IC2 to form the input for A/D con¬ 
verter IC1. The analog switches are set 
by data written out by the latched output 
port of the computer. Resistors R6 
through R9 provide pullup for the analog 
switch select lines. 

A/D converter IC1 is a pulse-modula¬ 
tion type. Its chip contains the conver¬ 
sion circuitry, an addressable digit latch, 
multiplexer. BCD encoder, and system 
clock. 

Conversion control, output digit se¬ 
lect. and the output latch are connected 
to the computer’s output port. Data writ¬ 
ten to this port control the data placed 
on the four output lines of 1C 1 . The four 
data output lines from IC1 are connect¬ 
ed to the computer’s three-state input 
port's lower four bits (D0 through D3). 
The upper four bits (D4 through D7) are 
grounded. 

Trimmer potentiometer R1 deter¬ 
mines the reference voltage used by 


I NTERFACING a digital computer with 
the ‘real’’ world requires some means 
of converting analog (slowly varying) 
signals into a digital form that can be 
used by a computer. The low-cost ($30) 
analog-to-digital (A/D) converter de¬ 
scribed here can accept up to four chan¬ 
nels of analog data, spanning from 0 to 
f 2 volts dc, and change this information 
into 3'/2 digits of BCD data. 

With such a converter, a computer 
need not be limited to keyboard entry for 
many game programs. Now, joysticks or 
potentiometers can be used. And such 
real-world sensing of variables like volt¬ 
age, current, temperature, frequency, 
and various levels of acidity, salinity, 
and chemical concentrations can make 
your computer a powerful and versatile 
controller. As a bonus, the A/D convert¬ 
er becomes a powerful test instrument 
for circuit design and troubleshooting. In 
this application, up to four channels of 
voltage, current, and resistance can be 
monitored with proper input adapters. 


Technical Details. The converter 
produces five conversions per second. It 
has four input channels and 3* 2 digits of 
BCD data output. It is also TTL compat¬ 
ible in input and output and will work with 
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cc 

iU 


R35 
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1 
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I 

18 


4 
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3 

24 


R4 

IOOK 


m 


DO 01 02 03 04 05 06 07 

TO THREE STATE 
COMPUTER INPUT 
PORT 


Fig. 1. Analog switch IC2 selects the input drive 
for A/D converter ICI. Up to four inputs can be used. 


PARTS LIST 

Cl—100-pF disc 
C2, C3—0.22 -mF, 10-volt Mylar 
C4—10/zF, 10-volt electrolytic 
IC1-ADC—3511 A/D converter (Na¬ 
tional Semiconductor) 

1C2—4066 quad analog switch 
R1—5000-ohm, 10-turn trimmer pot. 

R2—6800-ohm, '/4-watt resistor 
R3—470-ohm, '/4-watt resistor 
R4, R5—100,000 ohm, '/4-watt resistor 
R6 through R9—1000-ohm, '/4-watt resis¬ 
tor 

Misc.—Printed circuit board; edge con¬ 
nector; multilead ribbon connector; IC 
sockets (optional); hookup wire; solder; 
etc. 


CHANNEL SELECT 


0000 

01H 

02H 

04H 

08H 

0001 

11H 

12H 

14H 

18H 

0010 

21H 

22H 

24H 

28H 

0011 

31H 

32H 

34H 

38H 


DO D3 



(A) 


V/IO 

TO CONVERTER 
SWITCH 


(B) 


F/V 

CONVERTER 


TO 

— CONVERTER 
SWITCH 


(C) 


FROM to FROM T0 
_OUT_ in —OUT -|N 

0201 030003(5^0405 DIDO < j N ° 




Fig. 3. Actual-size foil pattern (below) and component layout (above). 



INPUT. 


TO 

CONVERTER 

SWITCH 


(E) 


+ 5V 



(F) 



Fig. 2. Channel-digit select is shown at (A); a 10:1 voltage divider 
is at (B); a frequency-to-voltage scheme at (C); temperature 
converter (D); current measurement (E); and joystick input (F). 
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TABLE 1—8080 ASSEMBLY LISTING 


Assembly listing for 8080 (IMSAI). Inputs three most significant digits and writes to 
front panel. 


4000 

3E 11 

BGN 

MVI 

A, 11 H 

Load A with Dig2, 

4002 

CD 38 40 


CALL 

INPUT 


4005 

32 35 40 


STA 

DIG2 


4008 

3E 21 


MVI 

A. 21H 

Dig3, Chi 

400A 

CD 38 40 


CALL 

INPUT 


400 D 

32 36 40 


STA 

DIG3 


4010 

3E 31 


MVI 

A.31H 

Dig4, Chi 

4012 

CD 38 40 


CALL 

INPUT 


4015 

32 37 40 


STA 

DIG4 


4018 

3E00 


MVI 

A.00H 


401 A 

2A 35 40 


LHLD 

DIG2 

Dig2 L. Dig3 H 

401 D 

BC 


CMP 

H 

Compare H for 0 

401 E 

06 00 


MVI 

B.00H 

Clear B 

4020 

C4 4A 40 


CNZ 

SUB 

Gosub if H*0 

4023 

3A 37 40 


LDA 

DIG4 


4026 

FE 00 


CPI 

00 H 


4028 

CA 2D 40 


JZ 

WRT 

If A/0, fall thru 

402B 

3E 64 


MVI 

A, 64H 


402D 

80 

WRT 

ADD 

B 

A=A + B 

402 E 

2F 


CMA 


Invert data 

402F 

D3 FF 


OUT 

0FFH 

Write it 

4031 

C3 00 40 


JMP 

BGN 

Do again 

4034 


STR 

DS 

01 


4035 


DIG2 

DS 

01 


4036 


DIG3 

DS 

01 


4037 


DIG4 

DS 

01 


4038 

D310 

INPUT 

OUT 

10H 

Setup port 10H 

403 A 

CD 40 40 


CALL 

DLY 

A/D settling time 

403D 

DB 10 


IN 

10H 

Input A/D data 

403F 

C9 


RET 



4040 

11 00 30 

DLY 

LXI 

D.3000H 

200-ms delay 

4043 

IB 

UP 

DCX 

D 


4044 

7A 


MOV 

A. D 


4045 

B3 


ORA 

E 


4046 

C2 43 40 


jNz 

UP 

If D>0 do again 

4049 

C9 


RET 


404 A 

C6 0A 

SUB 

ADI 

0AH 

A+A+OAH 

404C 

25 


DCR 

H 

H=H—1 

404 D 

C2 4A 40 


JNZ 

SUB 

If H>0, do again 

4050 

85 


ADD 

L 

A= A+L 

5051 

47 


MOV 

B. A 

B=A 

4052 

C9 


RET 



4053 

76 


HLT 




TABLE 11—6800 OP CODE LISTING 


Op code listing for 6800. Inputs four digits from channel 1 and stores data 
in memory in BCD format. 


01 

BDN 

LDAA 

01H 

Load digit 1. channel 1 into A 

02 


BSR 

INPUT 


03 


STA A 

DIG1 

Store A in memory 

04 


LDAA 

11H 


05 


BSR 

INPUT 


06 


STA A 

DIG2 


07 


LDAA 

21 H 


08 


BSR 

INPUT 


09 


STAA 

DIG3 


10 


LDAA 

31H 


11 


BSR 

INPUT 


12 


STAA 

DIG4 


13 


JMP 

BGN 

Do again 

14 

DIG1 

RES 

01 

Res —reserves one byte of memory 

15 

DIG2 

RES 

01 


16 

DIG3 

RES 

01 


17 

DIG4 

RES 

01 


18 

INPUT 

STAA 

insert 

output port = 

19 


BSR 

DLY 

200-ms delay for A/D settling 

20 


LDAA 

insert 

input port - 

21 


RTS 



22 

DLY 

LDAA 


enter values here and 23 to create 

23 

UP 

LDAB 

- 

a 200-ms delay 

24 

UP1 

SUBB 

01 


25 


BGT 

UP1 

do until B=0 

26 


SUBA 

01 


27 


BGT 

UP 

do until A=0 

28 


RTS 




IC1 . The other passive components de¬ 
termine clock frequency, provide signal 
filtering, and interconnect IC1. 


TABLE III—ASSEMBLY LISTING FOR 2650 

Assembly listing for 2650 (Central Data). Inputs three most significant digits and writes to 
data bus on WRTD instruction. Converts to hex before outputting data. 


1600 

75 FF 


CPSL 

FF 

Clear PSL and setup register 






bank 0 

1602 

05 11 

BGN 

LODI, 1 

11 

Setup for channel 1, digit 2 

1604 

3B 20 


BSTR,3 

INPUT 

1606 

CA IB 


STRR, 2 

DIG2 


1608 

05 21 


LODI, 1 

21 


160 A 

3B 1A 


BSTR, 3 

INPUT 


160C 

CA 16 


STRR. 2 

DIG3 


160E 

05 31 


LODI, 1 

31 


1610 

3B 14 


BSTR,3 

INPUT 


1612 

CA 11 


STRR. 2 

DIG4 


1614 

08 0D 


LODR.O 

DIG2 


1616 

0B 0C 


LODR, 3 

DIG3 


1618 

B8 24 


BSFR, 0 

SUB 

BR if DIG3*0 

161A 

0B 09 


LODR, 3 

DIG4 


161C 

18 02 


BCTR,0 

WRT 

BR if DIG4=0 

161E 

84 64 


ADDI. 0 

64 


1620 

F0 

WRT 

WRTD. 0 


Write it 

1621 

IB 5F 


BCTR,3 

BGN 

do again 

1623 

00 

DIG2 

RES 

01 

RES 01 reserve one byte 

1624 

00 

DIG3 

RES 

01 

1625 

00 

DIG4 

RES 

01 


1626 

D5 00 

INPUT 

WRTE, 1 

00 

Setup port 00 

1628 

3B 03 


BSTR,3 

DLY 

A/D settling time delay 

162A 

56 00 


REDE,2 

00 

read port 00 into R2 

162C 

17 


RETC. 3 


162D 

77 10 

DLY 

PPSL 

10 

select register bank 01 

162F 

05 FF 


LODI, 1 

FF 

gives 200 ms delay with 1633 

1631 

A5 01 

UP 

SUBI, 1 

01 

1633 

06 40 


LODI. 2 

40 


1635 

A6 01 

UPI 

SUBI. 2 

01 


1637 

5A 7C 


BRNR, 2 

UPI 

do again until R2=0 

1639 

59 76 


BRNR, 1 

UP 

do until RI O 

163B 

75 10 


CPSL 

10 

select register bank 00 

163D 

17 


RETC. 3 


163E 

A7 01 

SUB 

SUBI, 3 

01 

R3 R3-1 ; converts BCD to hex 

1640 

84 0A 


ADDI, 0 

0A 

R0-R0+0A 

1642 

5B 7A 


BRNR. 3 

SUB 

do until R3=0 

1644 

17 


RETC, 3 



1645 

40 


HALT 




Software. The digit and channel se¬ 
lect codes are shown in Fig. 2A. The val¬ 
ues shown are in hexadecimal code. To 
use the table, move down the rows until 
the proper digit is located. Then move 
over until the proper channel is located. 
The hex number at this point is the data 
to be written to the output port to set up 
the converter. The strobe that enables 
the output port (EN) must be active low 
when connected to the converter. If nec¬ 
essary, an inverter can be wired into the 
circuit to perform the inversion. 

When reading data from the convert¬ 
er, it is necessary to access only the cor¬ 
rect input port. Examples of programs 
written for an 8080, 6800, and 2650 are 
shown in Tables I through III. The pro¬ 
gram flow is essentially the same for any 
8-bit computer. The digit/channel infor¬ 
mation is loaded into a register and then 
the program is stepped to a subroutine 
(INPUT) and outputs that register to the 
output port. A 200-ms delay (DLY) sub¬ 
routine is used to allow the A/D convert¬ 
er to settle. Then the data is read from 
the input port into a register. 

Upon returning from the INPUT sub¬ 
routine, the BCD digit is stored in memo¬ 
ry (DIGX) and is repeated for each digit 
required before branching back to the 
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TABLE IV—BASIC SAM GAME 


SAM (surface-to-air missile) GAME 
Central Data Basic (2650) 


0000 

0010 

0020 

0100 

0105 

0110 

0120 

0125 

0130 

0135 

0140 

0150 

0155 

0160 

0165 

0170 

0175 

0200 

0210 

0220 

0230 

0240 

0250 

0300 

0310 

0320 

0330 

0340 

0400 

0410 

0500 

0510 

0520 

0530 

0600 

0610 

0620 

0630 

0640 

0650 

0660 

0670 

0680 

0700 

0710 

0720 

0730 

0740 

0800 

0810 

0820 

0825 

0830 

0835 

0840 

0845 

0850 

0860 

0870 

0880 

0890 

0895 

0900 

0910 

1000 

1010 

1020 

1030 

1040 

1050 

1060 

1070 


RESTORE 
READ, R, W, M, P, Z 

DAT A 0, -1,0, 11,0 R EM sets up port 0, chan^l, digit —3 
EXT.OUT 0, 33 

X=SIN(1) REM delay for A/D settling 

EXTIN 0, B REM reads port 0, chan^l, digit =3 into B 

EXTOUT 0, 49 

EXTIN 0, A 

EXTOUT 0, 34 

X=SIN(1) 

EXTIN 0, D 
EXTOUT 0, 50 
EXTIN 0. C 

A=INT (A * 10+B) *.8) + 1 

C=(C*10+D)*4 

ERASE REM clears screen 

IF R>17 GOTO 1010 

W=W+1 

P=P-1 

IF W>10W=10 
IF P<0 P=0 

PRINT@14, 15' MISSILES FIRED'rW 

PRINT@15, 15' MISSILES LEFT'^P 

PRINT@13.9T 

PRINT@14,8T 

PRINT@15, 5'lllir 

PRINT@10, 50'l I I' 

PRINT@11 f 50'IIIIIH' 

Z=Z+4 

Y=1 + INT(RND(7)) 

PRINT@Y, Z'++++++' 

PRINT@Y-1.Z' +' 

PRINT@Y+1.Z' +' 

IF Z>50 GOTO 0900 
READ Q, V, L 
DATA 12,9, 1 
RESTORE 0610 
IF W=0 GOTO 0800 
PRINT0Q, V't* 

IF C+1>19 L=3 
IF C+1>31 L=6 
IF V>C+1 V=V-1 
IF V<C+1 V=V+L 
Q=Q—1 

IF Q=A IF V=C+1 GOTO 0740 
IF Q<A GOTO 0740 
GOTO 0640 
PRINT@A, C+1'X' 

PRINT@14, 40'TARGET: RANGE'«Y' BEARING'^ 

PRINT@15. 40'MISSILE: RANGE'*A' REARING'^C+1 

IF C>Z IF C<Z+6 GOTO 0880 

IF P=0 M=1 

IF M= 1 GOTO 0170 

IF R>0 GOTO 0850 

INPUT' FIRE'R 

IF R=22 GOTO 0100 

R=R—1 

IF R<0 GOTO 0800 
GOTO 0100 

PRINT@A.C+1'X DESTROYED' 

PRINT@15, 5 
GOTO 1000 

PRINT@11,50'DESTROYED' 

PRINT@15, 5 
STOP 

PRINT@A, C+1'X' 

PRINT@15, 40'MISSILE: RANGE'«A* BEARING'^+1 
R=R—1 

IF R>17 GOTO 0100 
R=0 

GOTO 0840 
END 


This program prints a missile launching site, a factory, an airplane (bomber), and a printout 
of the airplane's and missile's range and bearing. When FIRE appears at the bottom of the 
screen, type a number (1 through 10) for the number of missiles you wish to fire. The 
missiles will fire in sequence. Type 22 to clear the screen and display the missile range and 
bearing adjustments. You may then adjust the controls to alter these values. After 5 shots, 
the program will return to FIRE. If you input 1 (CRLF), then carriage-return/line-feed, an 
arrow will print the track of the missile until it reaches its range, and an X will appear to 
simulate an explosion. The object is to hit the plane on its fuselage, in which case, X 
DESTROYED will be printed. You have 10 missiles. If you do not destroy the plane in 10 
shots, or if the plane reaches space 50 on the screen before you destroy it, the plane will 
destroy the factory. The aircraft will progress across the screen at the rate of 4 spaces for 
each missile fired. However, the plane will move up and down by a random amount (line 
0410 controls this). 

Note that the FIRE 22 routine does not subtract from the missiles remaining, but you 
cannot destroy the plane in this routine either. All entries must be followed by CRLF. After 
each missile is fired, and FIRE is displayed, you can adjust the range and bearing controls to 
alter the missiles course and range. 


beginning (BGN). The 8080 listing also 
includes a routine to convert the three 
most significant digits into hex code and 
place the result in storage (STR). When 
programming, allow for the fact that this 
data has no decimal point. 

Some typical input adapters are 
shown in Fig. 2B through 2F; B, C, and E 
are conventional, while D illustrates a 
temperature converter. If you use this or 
a similar circuit, allow for any voltage off¬ 
set in this type of converter. Also, keep 
in mind that only the two least significant 
digits are required for a temperature 
reading. This data should be viewed as 
relative and not absolute. Decisions 
should be based on exceeding a relative 
number, rather than a specific number of 
degrees. For example, if the tempera¬ 
ture converter is adjusted for an output 
of '1.050 volts at 25° C and the voltage 
decreases by 2.3 mV/°C, the program 
can be written to do something when the 
temperature is 20° C, or 1.039 volts. The 
1.039 volts is related to the temperature 
but is not actually in degrees. 

Figure 2F illustrates a joystick (or two 
independent potentiometers) for use in 
game programs. 

A BASIC program to play the game 
SAM is shown in Table IV. Note that the 
data written to the output port (EXTOUT) 
is in decimal, rather than in hex. The 
REM statements should help explain the 
program. Table V illustrates a 4-channel 
DVM program, which is also written in 
BASIC. 

Construction. An actual-size etching 
and drilling guide and a component- 
installation diagram for the A/D convert¬ 
er are shown in Fig. 3. During assembly, 
note the polarity of C4 and, if you wish, 
use sockets for the IC’s. Note also that 
there are provisions on-board for option¬ 
al inverters (IC’s or discrete transistors); 
these can be Wire Wrapped. 

When installing the IC’s, observe the 
usual precautions for handling MOS de¬ 
vices. Since the 5-volt power supply is 
also used as the reference, make sure it 
is well regulated and stable. After as¬ 
sembly, adjust R1 for as near to an ex¬ 
act 2.000 volts at pin 16 as possible. 

If your system employs an active high 
strobe, use an inverter. Flat ribbon cable 
can be used to interconnect the convert¬ 
er to the host computer. If desired, a 16- 
pin socket can be mounted at one of the 
extra positions on the board, and, with 
Wire Wrap, it can be used to make the 
external connections instead of the edge 
connector shown. 

Testing. After assembling the board 
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TABLE V—4-CHANNEL DVM PROGRAM 


4-Channel 

DVM Program 


Central Data Basic (2650), Version 

1.2 

OOO 

RESTORE 


010 

DATA 1,17. 33. 49. 

1, 2. 18, 34, 50, 2, 4, 20, 36, 52, 3, 8, 24. 40, 56, 4 

020 

READ A, B, C, D, 

E REM A=Ch*Digit 1 :B=Ch^Digit 2:C=ChJr 



Digit 3:D -Ch^Digit 4:E=Ch» 

030 

GOSUB 100 


040 

IF E=4 GOTO OOO 


050 

GOTO 010 


100 

EXTOUT 0. A 

REM sets up I/O port Ch&digit 

110 

S=SINI1) 

REM delay for A/D settling time 

120 

EXTIN 0, Z 

REM reads port 0 into Z 

130 

EXTOUT 0, B 


140 

EXTIN 0, Y 


150 

EXTOUT 0, C 


160 

EXTIN 0, X 


170 

EXTOUT 0, D 


180 

EXTIN 0, W 


190 

PRINT@E. S'CHANNEL^E'^WIOOO+X'IOO+YMO+Z)' MILLIVOLTS' 



REM prints at line E, character position 5, 



channel «E=(voltage) MILLIVOLTS 

200 

RETURN 


300 

STOP 


310 

END 



and adjusting R1 for the 2-volt refer¬ 
ence, load a driver program and check 
the system for accuracy. If the data ap¬ 
pears to be unstable, check the 200-ms 


delay between the output port strobe 
and the input port strobe. You may have 
to vary the values loaded into the DLY 
routine until the correct delay is ob¬ 


tained. This delay is required only when 
the channel information is first changed. 
If only one channel is used, the delay 
need be used only the first time the 
channel is selected. 

The 6800 program shown is not exact; 
it is given here as an example of a driver 
routine for the 6800 CPU. The 8080 pro¬ 
gram, tested in an 8080-based comput¬ 
er, uses I/O port 10H and a delay (DLY) 
routine for a 2-MHz system. The CMA 
and OUT-OFFH instruction invert the 
data and write it into the front panel. Lo¬ 
cation 4034 reserves one byte of memo¬ 
ry that can be used to store the hex data, 
if desired. The 2650 program was writ¬ 
ten for and tested on a Central Data 
computer. The port used here was 
OOH, and the DLY routine is for a 1.25- 
MHz clock. 

The A/D converter offers the comput¬ 
er user an inexpensive way for his com¬ 
puter to “communicate” with the analog 
happenings that dominate our lives. It 
offers a multitude of ways of sensing 
and measuring analog data not possible 
in a simple keyboard-entry system. O 





TEST RECORD 




This latest version contains everything you need to get the fullest, most 
realistic reproduction from your stereo equipment. Whether you’ve spent 
thousands on your stereo system or have a more modest setup, the SRT14-A 
is an indispensable tool for helping you realize the full potential of your 
equipment. Best of all, you don't have to be an electronics engineer to use 
it. You can actually perform a complete stereo system checkup by ear alone. 
A test lab in a record jacket 

Employing the most advanced recording, mastering, and pressing tech¬ 
niques. the Stereo Review SRT14-A is produced to strict laboratory stand¬ 
ards. Engraved in its grooves are a series of precisely recorded test tones 
frequency sweeps, and pink noise signals that enable you to accurately 
analyze and check your stereo system for: 


i Wow and flutter. 

■ Optimum speaker placement 

■ Cartridge Tracking Force & 
Anti-skating. 

■ Musical Instrument Tuning 
Standards, and more . much more 



Frequency response. 

■ Stereo separation. 

■ Cartridge tracking ability 

■ Channel balance. 

■ Hum and noise, including 
turntable rumble 

Step-by-step instructions 

Included with SRT14-A is a detailed instruction manual, complete with 
charts, tables, and diagrams. This takes you s‘ep by step through the test¬ 
ing process. It explains the significance of each test. It tells you what to 
listen for. It clearly describes any aberrations in system response. And it 
details corrective procedures 
For professionals too 

The usefulness of the SRT14-A is not confined to the nontechnical lis¬ 
tener. Included on the record are a series of tests that call for the use of 
sophisticated measuring instruments, such as oscilloscopes, chart re¬ 
corders. and distortion analyzers. These tes*s permit the advanced audio¬ 
phile and professional to make precise measurements of transient response, 
recorded signal velocity, anti-skating compensation. IM distortion, and a 
host of other performance characteristics. 


SRT14-A record contents 

• CARTRIDGE TRACKING. HIGH FREQUENCY 

• FREQUENCY RESPONSE, 20 kHz to 25 Hz 

• SEPARATION, LEFT-TO-RIGHT 

• SEPARATION. RIGHT-TO-LEFT 

• CARTRIDGE TRACKING, LOW FREQUENCY 

• CHANNEL BALANCE 

• CARTRIDGE AND SPEAKER PHASING 

• LOW-FREQUENCY NOISE 

• TURNTABLE FLUTTER 

• FREQUENCY-RESPONSE SWEEP. 500 TO 20.000 Hz, LEFT CHANNEL 

• FREQUENCY-RESPONSE SWEEP. 500 Hz TO 20.000 Hz. RIGHT CHANNEL 

• TONE BURST 

• INTERMODULATION DISTORTION • STEREO SPREAD 

• ANTI-SKATING ADJUSTMENT • STANDARD "A” 

• 1000-Hz REFERENCE TONES • CHROMATIC OCTAVE 

• FLUTTER AND SPEED ACCURACY • GUITAR TUNING TONES 

The final step 

Start getting the most out of your stereo system. Make the SRT14-A your 
next record purchase. Just complete the coupon and mail it along with 
your remittance . today' 

Test Record. Dept 30013. P 0 Box 278. Pratt Station. Brooklyn. NY 11205 
Please send _ 

SRT14-A Stereo Test Records @ $8.95 each 
(SI0.95 outside USA). 

□ Enclosed is $ _ _* 

□ CHARGE: □ VISA □ Master Charge 


CHARGE ORDERS— 

Q PHONE 24 HRS. 

TOLL FREE 800-431-2731 
NY State only 800-942-1940 


□ American Express □ Diners Club 


Account ~ 
Signature 
Print Name 
Address 
City State 


Exp. Date- 


Zip — 


•Resident! of CA. CO DC. FL. IL. MA. Ml. MO. NY STATE UT. and VT add applicable sales tax. 
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BY BUD WEIS BERG, K2Y0F 


BUILD A 

REMOTE ANTENNA SELECTOR 

SWITCH 


Low-cost, reliable switch permits selecting 
from among six antennas 


E recting multiple antenna systems of¬ 
fers the communications buff in¬ 
creased operating flexibility and fre¬ 
quency coverage. Unfortunately, it can 
also add appreciably to station cost and 
complexity—especially when the anten¬ 


nas require separate feedlines. Present¬ 
ed here is an alternative to a large in¬ 
vestment in coaxial cable—a low-cost, 
remotely controlled coaxial switch. 

The Remote Antenna Selector Switch 
enables the user to quickly select one of 


six antennas. Equally important, it pro¬ 
vides a silent, reliable indication of the 
selection without any need for relay¬ 
holding current or the imposition of dc or 
a-f control signals on the feedline. The 
project can be assembled from inexpen- 



C2—0.01 -p.F ceramic disc 
Dl—1N4003 rectifier 
FI—3-ampere fast-blow fuse 
II — 110-volt neon pilot light assembly 
JI through J7—SO-239 coaxial connector 
K I — 12-position rotary stepping solenoid with 
24-to-2X-volt dc coil (Ledex Series 5 or 
equivalent) 

MI —()-to-1 mA meter movement 
The following are 16-watt. 5% tolerance car¬ 
bon composition fixed resistors. 

R I—7X.000 ohms 
R2—33,000 ohms 
R3—23.000 ohms 


R6—10.500 ohms 

R7—2500-ohm wirewound potentiometer 

RX—6X-ohm. I-watt. 10% tolerance fixed car¬ 
bon composition resistor 

R9—100-ohm. '/ 2 -watt. 10% tolerance fixed 
carbon composition resistor 

RECTI — 1 (K)-PIV. 4-ampere modular bridge 
rectifier 

51— 5-ampere spst switch 

52— 5-ampere, normal ly-open. momentary 
contact pushbutton switch 

53— 11-position, l-pole ceramic rotary switch 
(Centralab No. 2503 or equivalent) 

54— 1 I-position, l-pole phenolic switch wafer 


(Centralab No. JD or wafer from No. 1403 
switch) 

T1—24-to-2X-volt ac, 2-ampere transformer 
(Radio Shack No. 273-1512 or equivalent) 

Mise.—Suitable enclosures, 4" x 4" x 2" 
(10.2 x 10.2 x 5.1 cm) aluminum utility 
box. coaxial cable and PL-259 connectors, 
'/a" (6.4-mm) flexible shaft coupling. 2- or 
3-conductor cable, machine and self-tap¬ 
ping hardware, silicone cement. PVC tape. 
No. 14 copper wire, solder, etc. 

Note—Suitable surplus stepping solenoids are 
available from several sources. 
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The power supply is relatively simple 
and is most easily constructed using 
point-to-point wiring techniques. A barri¬ 
er terminal strip such as that mounted 
on the prototype power supply’s chassis 
will facilitate interconnections with the 
power line, switches and solenoid. Due 
to the amount of charge it must hold, ca¬ 
pacitor Cl must be a high-grade compo¬ 
nent such as a computer-grade elec¬ 
trolytic. Similarly, the pushbutton switch 
employed as S2 must be able to handle 
the substantial current flowing when Cl 
discharges through K1. 

The meter scale will have to be rela¬ 
belled. The zero line should be labelled 
the off position, the full-scale mark la¬ 
belled position 6. and the remaining five 
numerals spaced equally between these 
two extremes. A more or less sensitive 
meter movement can be used, but in the 
former case larger values will be re¬ 
quired for R1 through R6 and in the lat¬ 
ter case smaller values. Non-standard 
resistor values can be obtained by com¬ 
bining standard ones either in series or 
parallel. 

The remote unit shown in Fig. 2 con¬ 
sists of a solenoid driving two rotary 
switches. In the author’s prototype, the 
solenoid is a Ledex Series 5 type with a 
1- 7 *-inch (4.8-cm) diameter case. It is 
available from most industrial suppliers. 
Surplus solenoids can be obtained from 


sive surplus and junk-box parts and 
gives a level of performance rivalling 
that of commercial products costing 
much more. 


About the Circuit. A schematic dia¬ 
gram of the Remote Antenna Selector 
Switch appears in Fig. 1. Upon the ap¬ 
plication of line power, electrolytic capa¬ 
citor Cl draws charge from stepdown 
transformer T1 through bridge rectifier 
RECTI and resistor R1. When momen¬ 
tary pushbutton S2 is depressed. Cl 
discharges via the coil of K1, a 12-posi¬ 
tion rotary stepping solenoid. Eleven- 
position rotary switches S3 and S4 are 
driven by the shaft of K1 , so the 
switches advance one position when the 
solenoid is energized. 

In this project, only alternate switch 
contacts are employed. The solenoid 
must therefore be stepped twice to 
advance the switches to the next posi¬ 
tion. Wafer S3 performs the antenna 
switching function. The other wafer. S4. 
is part of the indicator circuit, as are fix¬ 
ed resistors R1 through R6 . potentiome¬ 
ter R7 . and milliammeter Ml. As K1 ro¬ 
tates the switch shafts, the effective se¬ 
ries resistance between the negative 
side of Ml and ground varies. This 
causes the meter movement to deflect 
and indicate the antenna selection on a 
modified meter scale. If the solenoid is 
stepped only once, the meter will read 
off. indicating that S2 must be closed 
once more to advance the mechanism 
to the next antenna position. 
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Fi<j. 3. Photo of the power supply unit. 


Fi(j. 2. Pimt o of the remote switch unit 
and antenna selection indicator. 


Construction. The Remote Antenna 
Selector Switch comprises two units, the 
switch proper, shown in Fig. 2, and the 
power supply which appears in Fig. 3. 
Also shown in Fig. 2 is the position in¬ 
dicating meter, which can be built into an 
enclosure with the power supply or 
mounted on a separate panel. 
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several sources. 

Solenoid K1 and phenolic switch waf¬ 
er S4 are mounted in the center of the 
utility box’s top cover using four 2' i-inch 
(5.7-cm) tapped metal standoffs, as 
shown in Fig. 2. Ceramic wafer switch 
S3 is mounted inside the utility box and 
its shaft is coupled to that of the solenoid 
by an all-metal flexible coupling with 
dual setscrews on each hub. (These are 
required to withstand the high torque 
generated by the solenoid.) 

Because the solenoid provides pos¬ 
itive indexing, the detent and stop on S3 
must be carefully broken off to reduce 
drag and allow continuous rotation. 
Also, alternate contacts on the switch's 
ceramic wafer should be removed by 
very gentle prying or filing to leave six 
contacts plus the wiper contact. 

The wiring of this switch is shown in 
Fig. 4. To minimize impedance mis¬ 
match. two low-inductance rings are 
mounted on opposite sides of the ce¬ 
ramic wafer. Form two 2 1 'i (6.4-cm) in¬ 
ner diameter rings from 8" (30.3-cm) 
lengths of soft-drawn copper wire and 
hammer the rings flat. Again adjust the 
inner diameter to 2 , /»", and trim away the 
excess at the overlap. Butt -join and sol¬ 
der the rings closed. 

Partially hidden in Fig. 4, the front ring 
is soldered to the lug of S3's wiper and 
to a short length of tinned No. 14 copper 
wire. The other end of this wire should 
be soldered to the inner conductor pin of 
J1 . the feedline SO-239 coaxial jack. 
The rear copper ring is soldered to lugs 
held in place by the switch assembly 
screws. A 1 4-inch (6.4-mm) insulated 
spacer should be placed under each of 
these solder lugs to position the two 
rings about 7/16 inch (11.1 mm) apart. 
This might require the substitution of 
longer screws for those used by the 
switch manufacturer. 

The inner conductor pins of the re¬ 
maining SO-239 jacks ( J2 through J7) 
can now be connected to the appropri¬ 
ate contact lugs of S3 via short lengths 
of tinned No. 14 copper wire. Install a 
solder lug at each jack location, securing 
it to the aluminum utility box with one of 
the four pairs of screws and nuts holding 
each jack in place. Next, connect one 
end of a short length of tinned No. 14 
copper wire to the solder lug at J1 . Sol¬ 
der the other end of the wire to the rear 
copper ring. Repeat this procedure for 
the remaining jacks (J2 through J7). 

Note that the switch shown in Fig. 4 
has a metallic ring which shorts out all 
unselected switch contacts. The au¬ 
thor’s original intention was to utilize this 
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ring to ground all unselected antennas. 
This idea was discarded, however be¬ 
cause of the possibility of flashover dur¬ 
ing transmissions at medium amateur 
power levels (several hundred watts). In 
CB. QRP amateur, and SWL applica¬ 
tions, however, there is no danger of 
flashover. Accordingly, those readers 
whose use of the antenna switch falls 
into one of the three categories men¬ 
tioned might want to incorporate this 
feature for lightning protection. Those 
who want to do so should not procure 
the switch type specified in the parts list 
because it lacks a shorting ring. Rather, 
they should obtain a switch having such 
a ring. 

Before tightening the shaft coupling’s 
setscrews, make sure that the wiper of 
S3 is properly aligned with that of S4. 
Each wiper should be touching the cor¬ 
responding contact on each switch waf¬ 
er. A drop of Loctite or nail polish on 
each screw head and nut will keep the 
mechanical assembly of the Remote An¬ 
tenna Selector Switch secure. 



Fig. 4. Photo of the r-f wafer .switch 
shows hole tivo copper rings a re used 
to minimize impedance mismatch. 

Adjustment. Interconnect the power 
supply and switch units with a length of 
two- or three-conductor cable. The cable 
should have the same length as that re¬ 
quired to run from the remote switch unit 
to the power supply in the finished instal¬ 
lation. It can. in fact, be the same cable. 
Note that the circuit shown in Fig. 1 em¬ 
ploys the braid of the coaxial feedline as 
a return path for the solenoid and posi¬ 
tion indicator circuits. This allows the 
use of a two-conductor control cable. If a 
separate return path is preferred, a 
three-conductor control cable must be 
used. For cable lengths up to 50 feet. 
No. 20 conductors can be used. Longer 
control cable lengths necessitate the 


use of No. 18 or 16 conductors. 

Close power switch Si and wait a few 
seconds so that Cl can acquire a full 
charge. Then momentarily close S2. 
The solenoid should step and advance 
one position. Note, however, that S2 
must be closed again to advance the 
switch to the next antenna position. With 
the component values specified in the 
schematic and parts list, you should be 
able to step K1 once every two seconds 
or so. If a faster stepping rate is desired, 
reduce the value of R8. 

Adjust potentiometer R7 so that 10 
volts appears between its wiper and 
ground. The meter will then correctly in¬ 
dicate the position of the antenna posi¬ 
tion switch. If K1 is stepped only once, 
the meter will read off. indicating that 
the switch is between antenna positions. 

Installation and Use. The location 
of the remote switch unit depends on the 
particular application. If directly exposed 
to the elements, the remote unit should 
be housed in a plastic enclosure of a 
suitable size. All joints, holes and screw 
heads should be treated with silicone 
cement to weatherproof the assembly. 
Coaxial connectors soldered to the an¬ 
tenna and main downlead cables should 
be thoroughly taped with PVC tape and/ 
or liberally treated with silicone cement 
because these PL-259 plugs are not 
weatherproof. Failure to do this will re¬ 
sult in premature deterioration of the 
coaxial feedlines. 

As mentioned earlier, the Remote An¬ 
tenna Selector Switch does not ground 
unselected antennas. Therefore, it is 
advisable to insert lightning arrestors in 
the main downlead and the switch-to- 
antenna feedlines of any antennas 
which are not by virtue of their construc¬ 
tion at dc ground. 

This project was designed to provide 
reliable remote antenna selection with¬ 
out introducing a significant impedance 
“bump" and consequent standing wave 
ratio on the coaxial line running to the ra¬ 
dio shack. If switch S3 and the coaxial 
jacks have been wired as suggested in 
this article, the switch can be used 
through vhf with good results. Remem¬ 
ber that the solenoid must be stepped 
twice to advance the switch to the next 
antenna position. (Even if you forget, the 
meter will remind you by displaying an 
off indication.) During idle periods (the 
bulk of the time), the supply unit can be 
used to power other intermittent control 
projects formed around inexpensive sur¬ 
plus or industrial 24-volt relays and step¬ 
ping solenoids. O 
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T HE USUAL method of displaying 
waveforms on an oscilloscope is to 
sweep the beam horizontally to provide 
a linear time-base and then deflect it 
vertically with the waveform to be dis¬ 
played. In this article, we will discuss 
another type of display—one in which 
the beam is swept in a circle and deflect¬ 
ed radially (inward and outward from the 
center) by the waveform to be displayed. 
This method, called “circular sweep,” 
has some practical advantages. Since 
the sweep baseline is a closed circle, 
there is no retrace; and, compared with 
linear sweep, the baseline can be made 
longer for an oscilloscope screen of a 
given size. However, in the author’s 
opinion, practical considerations are of 
secondary importance to the fact that 
displaying waveforms with circular 
sweep creates all sorts of fascinating 
patterns and effects. 

The circular-sweep technique has 
been used for many years, but early 
methods were usually limited in perfor¬ 


mance or were too impractical for the 
average experimenter. Now, however, 
with just four IC’s, you can make a high- 
quality circular-sweep converter that 
connects to the input terminals of a con¬ 
ventional oscilloscope. No modifications 
of any kind need to be made to the 
scope. 

How It Works. To move the oscillo¬ 
scope beam in a circle and form the 
sweep baseline, two sine waves having 
a 90° phase difference are applied to the 
two inputs (horizontal and vertical) of the 
scope. The signal to be displayed is then 
combined with these two sine waves so 
that it deflects the beam in a radial direc¬ 
tion. This is done with two analog multip¬ 
lier IC’s, as shown in Fig. 1. 

An analog multiplier (or operational 
multiplier) is a circuit whose output volt¬ 
age is the product of the two voltages 
fed into its inputs. The multipliers used 
here are of the four-quadrant type, 
which means that they can accurately 
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Circular-sweep converter 
provides fascinating 
scope displays. 




multiply for all combinations of positive 
and negative input voltages, a neces¬ 
sary feature for the converter circuit. 

To understand how the converter 
works, think of each multiplier as an am¬ 
plifier whose gain for the sweep sine 
wave passing through it is proportional 
to the voltage fed into its input (in other 
words, a voltage-controlled amplifier or 
VCA). The signal to be displayed, plus a 
constant dc voltage, is also fed to this in¬ 
put. Thus, if the signal is zero, the dc 
voltage will result in a fixed gain, causing 
the sine waves to be passed (point A in 
Fig. 2). This produces a circular baseline 
on the scope screen. 

If the signal voltage increases in a 
positive direction, the gain of each mul¬ 
tiplier is increased, causing the circle to 
become larger so that the trace is dis¬ 
placed outward from the baseline posi¬ 
tion (point B). On the other hand, if the 
signal goes negative, the gain is de¬ 
creased, causing the trace to move in¬ 
ward (point C). The inward and outward 
displacement is proportional to the volt¬ 
age level of the input signal. Thus the 
beam moves radially in correspondence 
with the instantaneous voltage of the in¬ 
put waveform, tracing out the waveform 
as it sweeps around the circle. The re¬ 
sult is a circular-sweep display. 

Another way of looking at the opera¬ 
tion of the circuit is to realize that each 
multiplier is acting as a modulator. The 
sweep sine wave is the "carrier” which 
is amplitude-modulated by the signal to 
be displayed. The situation is unusual in 
that the modulating signal has a higher 
frequency than the carrier for most dis¬ 
plays. Also, because four-quadrant mul¬ 
tipliers are used, they can "overmodu¬ 
late" without causing trouble. Instead of 
clipping the waveform, overmodulation 
causes the trace to go through the cen¬ 
ter and come out the other side, as will 
be shown later. 

Circuit Description. The complete 
circuit of the converter is shown in Fig. 3. 
A 741 operational amplifier (IC1) ampli¬ 
fies and buffers the input signal, which is 
then fed to one of the “X” inputs of each 
multiplier (pins 3 of IC3 and IC4). The 
constant dc offset is added by introduc¬ 
ing an offset current into each multiplier 
(through R14 and R15 for IC3 , R20 and 
R21 for IC4). 

The sweep sine wave is inverted by 
another 741 op amp ( IC2) and applied to 
the "Y” input of one of the multipliers 
(pin 5 of IC4). The direct sweep input 
and its inversion drive a phase-shifter 
consisting of C5 and R7 to produce a 
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Fig. 1. Block diagram illustrates the 

basic operation of the circular-sweep converter. 


sine wave shifted by 90°, which is then 
applied to the “Y” input of the other mul¬ 
tiplier (pin 5 of IC3). 

The output of each multiplier (pins 1 
and 2 of IC3 and IC4) is connected in a 
differential configuration to the input of 
an op amp which is contained in the 
same 1C as the multiplier. The op amps 
provide amplification and level shifting. 
The output of each op amp is connected 
to the corresponding output of the con¬ 
verter. The signal path is entirely dc cou¬ 
pled to display signals with frequencies 
as low as a fraction of a hertz. 

Construction. The converter can be 
built on perforated board, or assembled 
bread-board style like the prototype 
shown in Fig. 4. In either case, leads 
should be kept fairly short and neatly ar¬ 
ranged to avoid high-frequency feed¬ 
back through the multiplier IC’s which 
have a bandwidth extending to several 
megahertz. All capacitors, except Cl 
and C2, should be connected close to 
the multiplier IC’s. 

Parts values are not critical, but R5 
and R6 should be the same value, as 
should R22 and R24, R23 and R25 , R26 
and R28, and R27 and R29. Also, the 
corresponding parts associated with IC3 
and IC4 should be the same values (C6 
and C8, C7 and C9 , R8 and R9, RIO 
and R16 , etc.) so that the vertical and 
horizontal channels of the converter will 
be matched. Resistors R25 and R29 
should not be wired in permanently 
since their values may have to be ad¬ 
justed slightly as explained in the next 
section. If sweep frequencies differing 
appreciably from 60 Hz are used, the 
values of C5 or R7 may have to be 
changed to get the proper phase shift of 
90°. Though the XR-2208 1C is available 
in several versions, the least expensive, 
XR-2208CP, was used in the prototype. 

The breadboard should be attached to 


a front panel similar to that shown in Fig. 
4, with the appropriate markings. (Use 
press-on type or some similar means of 
identification.) 

A dual power supply, such as that 
whose circuit is shown in Fig. 5, is re¬ 
quired. Although the prototype used 
± 12 volts, any supply from ± 10 to ±15 
volts will work. The converter requires 
about 20 mA from each side of the sup¬ 
ply. Batteries (9 V) can be used for test¬ 
ing purposes. 

Checkout and Adjustment. After 
making sure that the power supply is 
generating the correct voltages, connect 
it to the main circuit. Set the signal am¬ 
plitude (R1) and sweep amplitude 
(R4) controls for minimum resistance 
and the four offset controls ( R12 , R15 t 
R18 , and R21) at approximately their 
midrange positions. 

Measure the dc voltage between the v 
out connector and ground (center con¬ 
nector) and note that it should be under 
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INPUT SIGNAL 

DISPLAY 

Fig. 2. Converter changes input 
(left) into circular display. 

a few tenths of a volt, either plus or mi¬ 
nus. If not, alter the value of R25 until 
the minimum is obtained. Repeat this 
procedure for the h out connector, ad¬ 
justing R29 if necessary. 

Connect the v and h out and center 
ground connectors to the vertical, hori¬ 
zontal and ground connectors, respec¬ 
tively, on the oscilloscope. Almost any 
scope will suffice if it has a vertical and 




49 



























R22 R23 

22K 270K 

—WAVA—•—AAAMAA,— 


"° VERTICAL 
OUTPUT 


POWER 

INPUT 


+I2V 


Jl 

lOOpF 

^T^C3 

I 2pF 

I COM 
OV 

Ji 

C2*-t^ 

lOOpF 

X - 1 - 

^C4 TT 
ppF 

— 12V 



SWEEP/ R4 
INPUT i 25K 


PARTS LIST 

CI, C2— 100-p.F 16-V electrolytic 

C3, C4, C6, C8—0.2-jxF disc ceramic capa¬ 
citor 

C5—0.1 -p.F Mylar capacitor (not disc ceram¬ 
ic) 

C7, C9—0.001-p.F disc ceramic capacitor 

CIO, Cl 1 — 100-pF disc ceramic capacitor 

IC1, IC2—741 operational amplifier (or one 
747 dual op amp) 

1C3, IC4—XR-2208 operational multiplier 
(Exar) 

Unless otherwise noted, the following are 
Va~ W, 10% resistors: 

RI — 100,000-ohm potentiometer 

R2—10,000 ohms 


NOMINAL (SEE TEXT) 


Fig. 3. Input is passed to two four-quadrant multipliers while 
sweep input to each multiplier is applied 90° out of phase. 


R3, R5, R6, RI3, RI4, R19, R20—100,000 
ohms 

R4, RI2, R15, RI8, R21—25,000-ohm lin¬ 
ear-taper potentiometer 
R7—50,000-ohm potentiometer 
R8, R9—470 ohms 
R10, R 16—56,000 ohms 


R11, R17—27,000 ohms 
R22, R24. R26, R28—22,000 ohms 
R23, R25, R27, R29—270,000 ohms (see text 
regarding R25 and R29) 

M isc.—Circuit board; chassis or cabinet; IC 
sockets; knobs; binding posts or jacks; 
hardware; etc. 


horizontal bandwidth of 50 kHz or more. 
If your scope has dc coupling, you can 
work with waveforms having very low 
frequencies. Ac coupling will, of course, 
still work. Set the scope vertical and hor¬ 
izontal sensitivities to about 0.4 V/cm (1 
V/in.). 

Apply the signal to be displayed and 
the sine-wave sweep to the appropriate 
input connectors on the converter front 
panel. The signal to be displayed can be 
obtained from any waveform source, 
such as an audio oscillator. Its frequen¬ 
cy should be five or ten times that of the 
sweep. The sweep sine-wave source 


can be from a conventional 6.3-V trans¬ 
former or from an audio generator set to 
approximately 60 Hz. In either case, a 
good-quality sine wave should be used 
for best results. Keep both signal and 
sweep voltages between ±10 volts peak 
to avoid possible damage to the input in¬ 
tegrated circuits. 

Keeping the sweep amplitude (R4) 
at a minimum, turn up the signal ampli¬ 
tude (R1). This will probably produce a 
line on the scope screen. If excessive in¬ 
put amplitude is used, the converter will 
be overdriven and abrupt "glitches” will 
appear on the CRT. Adjust the v offset 


sweep control ( R12 ) and h offset 
sweep control (R18) to reduce the line to 
a point. 

Turn the signal amplitude (R1) to its 
minimum position, and adjust the sweep 
amplitude (R4) about half-way up 
(avoid overdrive). Then adjust the v off¬ 
set signal control (R15) and h offset 
signal control (R21) near their max- 
imums. Adjust phase (R7) and the 
scope vertical and horizontal gain con¬ 
trols until a circle approximately one 
third of the CRT diameter is formed on 
the screen. 

Leave sweep amplitude (R4) where 
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it is, and adjust signal amplitude (R1). 
One of two things should occur. You will 
get either a circular sweep pattern or a 
diamond-shaped pattern similar to that 
shown in Fig. 6. If you get the diamond 
pattern, adjust R21 to the opposite end 
of its range to get the circular pattern. 
This pattern may not be symmetrical. If 
not, adjust the v offset signal control 
and the scope vertical gain control (or 
the h offset signal control and scope 
horizontal gain). 


The phase (R7), v offset (R12) and 
h offset (R18) may also need touching 
up. Experimenting with the converter 
front-panel controls will establish the 
best settings for maximum symmetry 
and minimum distortion. The “double 
star” pattern formed by a triangular 
waveform (Fig. 8C) is a good pattern to 
use for final adjustments. 

When the above steps have been 
completed, the converter is properly ad¬ 
justed for circular sweep. 




VERT 
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OUT 


GNAL 
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GND 

SWEEP 

IN 


IC4 


COM 
POWER INPUT 


Fig. 4. Photo at top shows front panel of prototype. 
Below is prototype breadboard. Pc board can be used. 



Fig. 5. The dual power supply uses both positive- 
arid negative-voltage regulator integrated circuits. 


POWER SUPPLY 
PARTS LIST 

Cl. C2— 1000-jjlF, 25-V electrolytic 
D1 through D4—Rectifier diode (1N4001 or 
similar) 

FI— X A -A fuse 


IC1—Positive 12-V, 100 mA or greater volt¬ 
age regulator (7812 or equivalent) 

IC2—Negative 12-V, 100-mA or greater volt¬ 
age regulator (7912 or equivalent) 

SI—Spst power switch 

T1—24-V center-tapped, 100 mA or greater 
transformer 



Fig. 6. Diamond-shaped pattern 
results when offset controls 
are at opposite settings. 


Use. Some familiar waveforms dis¬ 
played with the circular sweep converter 
are shown in Fig. 7. In each case, the 
waveform frequency was adjusted to 
give a pattern with a whole number of 
cycles. The waveforms are sine (Fig. 
7A), triangle (Fig. 7B), sawtooth (Fig. 
7C), and square (Fig. 7D). As the ampli¬ 
tude of the waveform is increased, the 
inside of the trace will meet at a point in 
the center (if the converter has been ad¬ 
justed properly), as illustrated in Fig. 8A 
for the triangle waveform. Increasing the 
amplitude further causes the trace to go 
through the center and come out the op¬ 
posite side as shown in Fig. 8B (even 
number of cycles) and Fig. 8C (odd 
number of cycles). 

The pinwheel pattern in Fig. 9A and 
the spiral in Fig. 9B are both made with 
sawtooth waveforms. In Fig. 9A, the 
waveform amplitude is adjusted so that 
the traces meet in the center. In Fig. 9B, 
a low-frequency sawtooth is used. All 
•the patterns illustrated in this article 
were made using a 6.3-V filament trans¬ 
former to supply the 60-Hz sweep. The 
waveforms were obtained from a 8038 
waveform generator 1C, hooked up as 
shown in Fig. 10. Hundreds of other pat¬ 
terns can be produced with these basic 
waveforms. If you exhaust those pos¬ 
sibilities, try mixing the outputs of two (or 
more) waveform generators. 

One of the most fascinating displays 
is that made by music waveforms. What¬ 
ever else you do with the converter, be 
sure to try this. Simply connect the audio 
from a radio, tuner, phono, etc. to the 
signal in jack. The result is a kaleido¬ 
scopic succession of patterns synchro¬ 
nized to the music. No examples are 
shown because the patterns and effects 
cannot be satisfactorily captured by still 
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Fig. 7. Appearances 
of sine (A), triangle 
(B), sawtooth (C), 
and square (D) 
waveforms as displayed 
by circular-sweep 
converter system. 



A 


photography. If you use an FM station 
as the source you may need to insert a 
low-pass filter (Fig. 11) between the 
source and signal in to eliminate the 
multiplex and SCA subcarriers. Speech 
also makes an interesting display. 

Frequency Comparison. Using an 
oscilloscope in the conventional man¬ 
ner, the frequencies of two waveforms 
can be compared with Lissajous figures. 
In an analogous way, frequencies can 
be compared using circular sweep. For 
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example, the traces in Fig. 7 all show 
eight complete cycles of the waveform, 
which means that the signal goes 
through eight cycles while the sweep 
goes through one cycle. Since a 60-Hz 
sweep was used, the signal frequency 
must be 8 times 60 Hz, or 480 Hz. Fig. 
9B shows almost the opposite situation. 
Here the sweep goes through seven cy¬ 
cles while the signal goes through only 
one cycle. The signal frequency is thus 
60 Hz divided by 7, or about 8.43 Hz. 

Sometimes the pattern will be more 



B 


Fig. 8. Increasing the 
amplitude of a triangle 
waveform causes trace 
to meet in center (A) 
and come out opposite 
side with even number 
of cycles (B) and odd 
number of cycles (C). 



C 


complicated, like the one shown in Fig. 
12. It is still relatively easy to determine 
the frequency as illustrated by the fol¬ 
lowing analysis of the pattern. Starting at 
one peak on the waveform and following 
the trace, the next peak that we come to 
is the fourth one over from the starting 
point. This means that the sweep goes 
around four times to make one complete 
pattern. Note also that there are 11 
peaks in all, which means that there are 
11 cycles of the triangle waveform in the 
pattern. Thus, the sweep-to-signal fre- 
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An exciting LED game to test the abilities of two players. 


TO THE 
ELECTRONIC 
RACES! 




BY JAMES BARBARELLO 


A GILITY, strategy, competition and 
luck—the classic ingredients of a 
race—are found in the electronic game, 
“To The Races.” Designed for two play¬ 
ers, the project has a race track formed 
from two rows of nine LED’s each. 
Readily available CMOS digital and 556 
dual timer IC’s, and standard LED’s are 
used in the game’s circuitry. Four “C” 
cells form a power source. Total con¬ 
struction cost is about $25. 

At the outset of a race, a reset switch 
is closed and each contestant’s start 
LED glows. Then four control LED’s 
(one pair at each playing position) start 
blinking. Below each control LED, a 
pushbutton switch is mounted, one la¬ 
belled safe bet and the other a chance. 
The LED above the safe bet switch 
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blinks about once every 3 seconds, 
and the LED above the a chance LED 
about three times that rate. These LED’s 
remain on for approximately Va second. 

If a contestant closes one of the two 
pushbutton switches while the corre¬ 
sponding LED is glowing, he advances 
one position. This is indicated by the 
darkening of the LED at the position 
previously occupied and the turning on 
of the adjacent LED. The faster flash 
rate of the LED above the a chance 
switch permits much quicker progres¬ 
sion around the track, but a penalty is 
associated with the switch’s use. If it is 
depressed while the corresponding LED 
is dark, that player’s circuitry is reset and 
he is sent back to the starting position. 

No such penalty is associated with the 


safe bet switch. Therefore, you must 
choose between the two pushbuttons 
wisely. You might want to take a chance 
initially and pull ahead. Once you have 
established an early lead, you can play it 
safe and use only the safe bet switch. 
The first contestant to reach the finish 
position is the winner. At that point, his 
opponent’s pushbuttons are disabled, 
so no further moves can be made. 

About the Circuit. The schematic 
diagram of To The Races is shown in 
Fig. 1. One half of IC1, a 556 dual timer, 
operates in the astable mode and pro¬ 
vides clock pulses for control LED’s 
LED3 and LED4, which correspond to 
the safe bet switches (S3 and S4). 
Clock signals for LED1 and LED2, which 
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Fig. 1. Schematic of “To The Races" shows how circuit works. For Parts List, see opposite page. 
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PARTS LIST 

B1 through B4—114-V “C” cell 
Cl, C2—1-p.F, 25-V electrolytic capacitor 
C3—10-|xF, 25-V electrolytic capacitor 
C4 through Cl 1—0.1 -p.F disc ceramic capaci¬ 
tor 

D1 through D3—1N914 silicon diode 
ICI through IC3—556 dual timer 
IC4 through IC7—4011 quad 2-input NAND 
gate 

1C8, IC9—4017 decade counter/decoder 
ICI0 through ICI2—4049 hex inverting bufT- 
er/converter 

LED1 throuch LED22—20-mA red LED 
(TIL-32, or equivalent) 

The following are 14-watt, \0% tolerance car¬ 
bon resistors: 

R1—2 megohms 
R2—330,000 ohms 
R3.R4-220,000 ohms 
R5.R8,R9,R15,R16—470,000 ohms 
R6—10,000 ohms 
R7.R14.R22.R23—220 ohms 
R10 through R13, R17 through R21 — 100.000 
ohms 

SI through S5—Normally open, momentary- 
contact pushbutton switch 
S6—Spst toggle switch 

Misc.—Battery holder, 14- and 16-pin DIP IC 
sockets. LED holders (NSL001) or rubber 
grommets, suitable enclosure, printed cir¬ 
cuit or perforated board, hookup wire, sol¬ 
der, etc. 

Note: The enclosure used. Model DMC-1, is 
available from Continental Specialties 
Corp., 70 Fulton Terrace, Box 1942, New 
Haven, CT 06509. 


correspond to a chance switches SI 
and S2, are generated by the other half 
of ICI, also operating in the astable 
mode. These clock signals are inverted 
by IC4D and IC4C, respectively. Contact 
debouncing for the a chance and safe 
bet switches is performed by the four 
monostable multivibrators comprising 
dual timers IC2 and IC3, respectively. 

NAND gates IC4A and IC4B form a 
noninverting buffer on the reset line. 
When reset switch S5 is closed, C3 
rapidly discharges through D1, causing 
ICI, IC8, and IC9 to reset. Opening S5 
allows C3 to charge through R5 and R6. 
When the voltage across the capacitor 
reaches the logic one threshold (one half 
the 6-volt supply voltage), the output of 
IC4B goes high, thus enabling the pre¬ 
viously reset IC’s. Capacitor charging 
time is about two seconds. This delay 
allows one contestant to reset the game 
and prepare for play so that neither con¬ 
testant gains an initial advantage. 

If SI (a chance) is closed while pin 9 
of ICI is low and LED1 and LED2 are 
glowing, a pulse is transmitted through 
NAND gates IC5C and IC5D to pin 14, 
the clock input of IC8, a 4017 CMOS 
decade counter/decoder. If pin 9 of ICI 
is high and LED1 and LED2 dark when 
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SI is closed, the output of IC5A goes 
high and resets counter IC8. Closing S4 
(safe bet) when pin 5 of IC1 is high and 
LED3 and LED4 are dark has no effect 
on pin 15 (the reset input) of counter 
IC8. This functional description applies 
equally to IC9, S2, and S3, the other 
contestant’s decade counter/decoder 
and switches, respectively. 

As each counter receives clock 
pulses, it counts upward and the 
successive decimal outputs go high. 
The inverting buffers (IC10A through 
IC12F) connected to the counter outputs 
change state in turn, so that the counter 
outputs that are high drive the buffer out¬ 
puts low. When buffer outputs are low, 
they sink current for the race track LED’s 
(LED5 through LED22) connected to 
them. Current limiting for the LED’s is 
performed by R22 and R23. Only one 
limiting resistor per row is required be¬ 
cause only one LED per row is on at any 
time. When pin 9 of either counter goes 
high and finish LED13 or LED22 glows, 
the OR gate formed by D2, D3, and R21 
causes the enable input (pin 13) of both 
counters to go high. This freezes the 
counters and prevents further triggering 
of either one. 

Construction. Printed circuit (guides 
shown in Fig. 2) perforated board, or 
Wire Wrap techniques can be employed 
to duplicate the circuit. The use of 1C 
sockets is recommended. Be sure to ob¬ 
serve the polarities of all IC’s, diodes, 
and electrolytic capacitors, and to exer¬ 
cise care when handling the CMOS de¬ 
vices. The author’s prototype was 
housed in a Continental Specialties Cor¬ 
poration Model DMC-1 case. However, 
any enclosure large enough to house 
the components and battery power sup¬ 
ply can be used. Drill and label the front 
panel of the enclosure using the photo¬ 
graph of the prototype as a guide. Use 
LED holders or rubber grommets to re¬ 
tain the LED’s in place. 

Use. Close power switch S6 and reset 
switch S5 in that order. Both start 
LED’s and the four control LED’s will 
glow. Two seconds later, the control 
LED’s will start to blink, signalling that 
play can begin. The "on” time of the 
LED’s and switch conditioning one- 
shots have been chosen to be close to 
the average person’s reaction time. 
Therefore, both contestants will have to 
watch the blinking LED’s and anticipate 
when they will glow. After a few initial 
games, you will become adept at play 
and ready for serious competiton when 
you go "To The Races.” O 
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Making 

Digital Electronic 
Clocks Immune 
to AC Flicker 

BY ANDREW FRASER 


A N OCCASIONAL "flicker” on the ac 
line can interrupt power to a digital 
clock for up to a second. This can cause 
the filter capacitor in the clock’s power 
supply to discharge through the displays 
to the point where the clock must be re¬ 
set for accurate time. If you have en¬ 
countered this problem, the circuit we 
present here can correct it. 

A typical power supply for a digital 
clock consists of transformer T1, diodes 
D1 and D2, and filter capacitor Cl. The 
flicker-eliminator modification in this cir¬ 
cuit consists of the components inside 
the dashed-line box. Now, power for the 
clock chip is obtained via D3, R1, and 
C3. When the ac line flickers, the current 
drawn by the displays will begin to dis¬ 
charge Cl but the charge on C2 will not 
go to the displays because under this 
condition D3 will be in reverse bias. 


MM5316 clock chip that draws 5 mA and 
can operate down to 8 volts, C2 can 
keep the clock chip (but not the displays) 
operating for several minutes. Most line 
flickers do not last this long. Also, this 
means that you can unplug your clock 
and move it to another location without 
having to reset it. 

Resistor R1 in the add-on circuit limits 
the current flow to C2 during the charge 
cycle. If the power supply delivers 12 
volts, a value of 100 ohms at 12 watts for 
R1 will limit charging current to 120 mA. 
This allows C2 to become fully charged 
in several seconds. If you use a lower- 
value capacitor for C2, Rl's value and 
power-handling capabilities can be re¬ 
duced proportionately, or R1 can be 
eliminated altogether. 

This flicker-eliminator technique can 
also be used with low-power RAM’s in 
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+v cc to 

CLOCK CHIP 
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This circuit provides power to a clock chip to prevent flicker. 


Hence, while the charge on Cl might be 
quickly drawn off by the displays, the 
power delivered to the clock chip from 
the charge on capacitor C2 will remain 
relatively constant. 

If a power supply normally delivers 12 
volts and capacitor C2 is a very high val¬ 
ue (say 10,000 p.F) and you are using an 


computer memory systems to prevent 
loss of stored data when a transient 
flicker occurs. The amount of "safety” 
time again depends on the value of C2 
and the current demands of the memory 
system. Therefore, the higher the value 
of C2 and the lower the current demand, 
the longer the safety time. O 
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BY DAVID MARKEGARD 


In/out detection 
system counts events 
(up and down) and can be used to 
control lights , appliances, cfc. 


M OST photoelectric entry detectors 
are unidirectional. They can detect 
when an individual enters a given area 
but not when he leaves. A more practical 
system, from both a security and a con¬ 
venience point of view, would be able to 
detect motion in both directions. A store 
owner would then know whether or not 
all customers who entered his premises 
had left by the close of the day. In the 
home, such a system could be used to 
automatically turn on and off lights as 
you enter and leave a room. 

The in/out detection system de¬ 
scribed here is a relatively simple and 
inexpensive approach that takes advan¬ 
tage of readily-available TTL IC’s. It not 
only turns on the room lighting (or any 
other electrical device) when the first 
person enters the monitored area, it also 
keeps tabs on the number of people en¬ 
tering and leaving the area. The system 
turns off the electrical device only after 
the last person has passed the sensor 
while exiting the area. 

The basic circuit is designed to count 
up and down a maximum of nine events. 
However, it can easily be modified to 
count 99, 999, etc., events simply by 
adding extra IC’s and diodes. Additional¬ 
ly, the system can accommodate two or 
more sets of sensors should you have 
more than one doorway to monitor. 

About the Circuit. In the circuit 
shown in Fig. 1, the up and down sec¬ 
tions of the system operate in an identi¬ 
cal manner, the only difference being in 
the direction of the count. Since opera¬ 
tion is identical, we will discuss the se¬ 
quence of events in only the up section. 
When an external light beam shines 


on LDR1 , the resistance of this light- 
dependent resistor is a low 100 ohms 
(approximately). Consequently, the in¬ 
put to pin 13 of IC1 is low, making the 
output of this inverter stage, at pin 12. 
high. Now, when the beam to LDR1 is 
broken, the light-dependent resistor’s 
characteristic resistance rapidly in¬ 
creases to several megohms, placing a 
relatively high positive voltage at the 
pin-13 input of IC1 to generate a low out¬ 
put at pin 12. The steep edge of the rap¬ 
idly falling voltage at pin 12 is differen¬ 
tiated by Cl, R2 , and R3 to produce a 
sharp negative pulse whose width re¬ 
mains constant regardless of how long 
the light path to LDR1 is broken. 

Resistor R2 also serves as a “pull-up” 
for the input of IC2 , a timer integrated 
circuit that is connected as a one-shot 
multivibrator. When triggered, IC2 gen¬ 
erates a positive-going pulse at its pin-3 
output. This pulse is then inverted by 
another inverter stage in /Cl, after which 
it is passed to the “count-up” input (pin 
5) of up/down counter IC4, registering a 
one-count increase. With each succes¬ 
sive breaking of the beam to LDR1 , the 
system registers another up-count (to a 
maximum 9 count, after which the sys¬ 
tem automatically resets to 0). 

The same inverted signal that is ap¬ 
plied to the pin-5 input of IC4 is also ap¬ 
plied to the reset input (pin 4) of IC3, 
another timer integrated circuit connect¬ 
ed as a one-shot multivibrator. This in¬ 
hibits the output of IC3 and prevents any 
possibility of generating a false down- 
count in the system. Bear in mind that 
LDR1 and LDR2 in the finished project 
are mounted physically close to each 
other so that a common light beam can 


be used for both. This means that when 
an opaque body passes between the 
beam and LDR1 , a discrete interval later 
it passes between LDR2 and the beam. 
Hence, if IC3 were not inhibited, the sys¬ 
tem would count up and almost immedi¬ 
ately count down as the beam to first 
one and then the other LDR is broken. 
The system must, therefore, respond to 
the count generated by the first LDR to 
be activated—in this case. LDR1 —for 
true bidirectional performance. 

The four outputs from IC4 are coupled 
through isolating diodes D1 through D4 
and current-limiting resistor RIO to the 
base of transistor Q1. The transistor is 
held in cutoff whenever all the outputs of 
IC4 are low and conducts whenever any 
one or more outputs are high. When Q1 
is conducting, relay K1 is energized and 
operates whatever external device is 
connected to its contacts. 

As noted earlier, the basic system is 
configured for a maximum count of 9 in 
either direction. If you wish to increase 
the count range, you can add one or 
more 74192 up/down counter IC’s to the 
basic circuit as shown in Fig. 2. Each 
added 74192 1C will then provide a one- 
decade increase in range. For example, 
two 74192’s increase the maximum 
count to 99, three 74192’s to 999, etc. 
When up/down counters are added, the 
"carry” and “borrow” pins (pins 12 and 
13) of each preceding counter become 
the inputs to the next counter in line. 
Note also that all “clear” inputs (pin 14) 
of the counters must connect to clear 
switch St. 

An adequate light source for the sys¬ 
tem can be obtained by using a low-volt¬ 
age power transformer with an appropri- 
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Fig. 1. Any sudden 
change in light on 
LDR1 causes an output 
pulse which is counted 
to drive relay Kl. 

Two one-shots are 
cross-coupled so that 
only the first one 
activated is counted 


Note: Substituting a 74193 for IC4 
vQQQ 1 allows a count of 15 instead of 9. 


Cl. C3—0.22 -jaF capacitor 
C2. C4—0.5-p-Fcapacitor 
C5—250-p.F. 25-volt electrolytic capacitor 
D1 through D5—1N4001 rectifier diode 
1C1—7404 hex inverter IC 
1C2. IC3—555 timer IC 
1C4—74192 up/down counter IC 
1C5—309 5-volt regulator IC 
Kl—3-volt, 25-mA relay (Calectro No. 
D1-965 or similar) 

LDRl. LDR2—Light-dependent resistor with 


PARTS LIST 

1-megohm maximum, 100-ohm minimum 
resistance (Radio Shack No. 276-116 or 
similar) 

Q1—2N1308 or similar transistor 
The following resistors are 2 -watt, 10%: 

R1, R5—470.000 ohms 
R2.R6—12.000 ohms 
R3, R 7 —8200ohms 
R4, R8— 1 megohm 
R9—470 ohms 
RIO—2200 ohms 


R11—100 ohms 

SI—Spst momentary-action pushbutton 
switch 

T1 — 12-volt, 300-mA power transformer 

Misc.—IC and transistor sockets (optional); 
heat sink for IC5; perforated board, suitable 
box to house circuit, line cord; hookup 
wire; chassis-mounting ac receptacle; sheet 
of insulating plastic; materials for making 
light source (see text); rubber grommet; ma¬ 
chine hardware; solder; etc. 





Fig. 2. Couyit can be increased by Fig. 3. Secoyid pair of couyitiyxg 

adding ayiother up/down couuter. inputs can cover ayiother entry. 


ale panel lamp connected across its 
secondary winding. By wiring a 100-ohm 
potentiometer in series with one of the 
transformer’s secondary leads and the 
lamp, you can vary the intensity of the 
beam to suit conditions. The lamp can 
be set into an ordinary flashlight reflector 
to focus the light into a narrow beam. 

If it is necessary to cover a second 
doorway, the system will accommodate 
an extra pair of up/down counting in¬ 
puts, connected as described in Fig. 3. 
This will use up the remaining two invert¬ 
ers in the 7404 hex inverter used for IC1. 
In the event that more than two door¬ 
ways must be covered, extra up/down 
counting inputs can be used, provided 
that you add as many inverter pairs as 
there are LDR pairs. 

Construction. There is nothing criti¬ 
cal about circuit layout or lead routing. 
The entire circuit can be assembled on a 
5" x 4" (12.7 x 11.4 cm) piece of per¬ 
forated board, as shown in Fig. 4. It is 
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Fig. 4. The prototype of the photoelectric sensor was assembled 

entirely o)i perforated hoard. LDR’s are on right 

side of hoa rd. CLEAR switch is connected by t wisted leads. 


advisable to use sockets for the IC's and 
transistor. Note also the need for a heat 
sink with IC5. 

Light-dependent resistors LDR1 and 
LDR2 should be mounted about 1" (2.54 
cm) apart so that a single light beam will 
suffice for both. If you are using extra 
up/down counting inputs, mount their 
LDR’s on a small piece of perforated 
board. Cut holes in a small box to allow 
light-beam access to the LDR pair, 
mount the LDR board inside the box, 
and interconnnect this assembly with 
the main board via twisted cable. 

The box that houses the main circuit 
board should be large enough to accom¬ 
modate the main circuit board, a chas¬ 
sis-mounting ac receptacle, and clear 
pushbutton switch Si. Drill holes in the 
box as required to mount all compo¬ 
nents in place and to provide light-beam 
access to LDR1 and LDR2. Mount SI 
and the receptacle in their respective 
holes. You can use ordinary hookup 
wire to interconnect Si with the circuit 
board, but it is advisable that you use a 
length of regular line cord to intercon¬ 
nect the relay contacts and the recepta¬ 
cle. Slip the free end of the line cord 
through a rubber-grommet-lined hole in 
the case and solder it to the appropriate 
points in the circuit. A sheet of insulating 
plastic should be placed between the 
box and the bottom of the board before 
the latter is finally bolted down. This will 
obviate the possibility of the live ac on 
the primary side of T1 frdm shorting out 
against the metal box. 


Testing the Circuit. Plug the sys¬ 
tem’s line cord into a convenient ac re¬ 
ceptacle and direct a beam of light onto 
LDR1 and LDR2. The relay should im¬ 


mediately energize. Depressing the 
clear button (St) should cause the re¬ 
lay to immediately deenergize. Now, 
block the light beam by passing your 
hand in front of first LDR1 and then 
LDR2. The relay should again energize. 
With the relay still energized, passing 
your hand in front of first LDR2 and then 
LDR1 should cause Kt to drop out. 

Pass your hand several times from 
LDR1 to LDR2. The relay should im¬ 
mediately energize on the first pass and 
remain energized with each successive 
pass. Now pass your hand an equal 
number of times from LDR2 to LDR1. 
The relay should remain energized for 
all but the last pass. On the last pass, 
the relay should deenergize. This proce¬ 
dure checks the up and down counting 
operation of the circuit. 

The relay specified for K1 in the Parts 
List can safely handle up to 3 amperes 
of current. If you wish to operate a de¬ 
vice that requires a greater amount of 
current, you will have to substitute a low- 
voltage, low-current relay whose con¬ 
tacts can handle the current drain. Alter¬ 
natively. you can use the specified relay 
to drive a higher-current relay. O 


“When a Fella Needs a Friend” 
and the Parts to Keep Projects 
Going ... 

Get and Use the NEW 
Allied Electronics 
Engineering Manual 
and Purchasing Guide 


Calling all electronic experimenters, technicians, engineers, enthusiasts ... just a dollar keeps your 
building projects going — takes the hassle out of obtaining parts and components you need to con¬ 
struct, maintain and repair all kinds of electronic equipment. Our book is filled with resistors, capaci¬ 
tors, relays, wire, cable, tools, soldering and unsoldering devices, transformers, transistors and IC’s, 
tubes, pilot lights, switches, test equipment, panel meters, microprocessors — even an under $500 
complete Microcomputer. There’s thousands of parts complete with detailed specifications, illustra¬ 
tions, dimensions (with many metrics), full technical data, quantity pricing, too. To get your Guide 
quickly, send $1 (check, money order or cash) now with your name, address and Zip Code (Print or 
Type Clearly) to: Allied Electronics, Dept. EEH-81, 401 East 8th Street, Fort Worth, Texas 76102. 

Allied electronics 

Now... 19 Locations and Growing 
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T HE AUTOMOTIVE industry has tak¬ 
en advantage of the latest tech¬ 
niques in modern electronics technolo¬ 
gy. As a result, many of the components 
in late-model automobiles have become 
more difficult to diagnose when trouble 
occurs. An example of this is in the auto¬ 
motive battery and charging system, 
where the old-style battery, dc genera¬ 
tor, and electro-mechanical voltage reg¬ 
ulator have given way to the sealed bat¬ 
tery, alternator, and solid-state voltage 
regulator. These new components are 
superior to the ones they replaced, but 
they also require more sophisticated test 
procedures to analyze and isolate faults. 

It seems only natural that electronics 
technology should provide the means to 
check these components. The automo¬ 
tive battery and charging system moni¬ 
tor described in this article provides 
such a check. It can be constructed at 
low cost, yet gives the accuracy and de¬ 
pendability suitable for a professional as 
well as an amateur. The monitor uses 
four LED’s to provide an indication if a 
fault arises and also indicates possible 
sources of trouble. This feature will elim¬ 
inate unnecessary replacement of prop¬ 
erly operating components. 

Circuit Operation. The analysis of 
an automotive battery and charging sys¬ 
tem can be accomplished by monitoring 
the battery voltage under several opera¬ 
tional conditions, then comparing the 
measured value to a known standard. 
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BY TONY CARISTI 


Electronic diagnostic 
instrument for locating 
and identifying 
problems in 
battery or 
charging 
systems 
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PARTS LIST 



C1.C2— 10-g.F. 15-volt electrolytic 
D1 — lN2069or similar 
D2 — 1N4148 or similar 
IC1 — jxA 78GU adjustable regulator (Fair- 
child) 

IC2 — LM339 quad comparator 
LED1 through LED4 — Red LED 
R1 ,R2,R4 — 1000-ohm, 1 % resistor 
R3 — 1000-ohm potentiometer, pc mount 
R5 — 39,200-ohm, 1% resistor 
R6,R 11 ,R 14,R 18 — 100.000-ohm, ^resis¬ 
tor 


R7.R9.R I5.R 19 — 10,000-ohm, 10% resistor 
R8,R12,R16,R20— 1000-ohm, 10% resistor 
RIO — 5900-ohm, 1 % resistor 
R13 — 25,500-ohm, 1 % resistor 
R17 — 19,600-ohm, 1 % resistor 
Misc.—Suitable enclosure, interconnecting 
leads, optional spst switch, hardware, etc 
Note: The following are available from: A. 
Caristi, 69 White Pond Rd., Waldwick, 
NJ 07463: etched and drilled pc board at 
S2.50; a set of 11 precision resistors at 
S3.00. Add 25c for postage. 



J IC2=LM339 
R2 
IK 


Fig. 1. Comparator monitors voltage difference between reference 8V line 
and battery input. One LED glows to indicate possible fault. 


A properly operating battery and 
charging system will have a battery ter¬ 
minal voltage of about 12.6 volts when 
the engine has been turned off for some 
time, and between 13.5 and 15.0 volts 
when the engine is running and the bat¬ 
tery is being charged. 

If the battery voltage is below 11.5 
volts with the engine not running, the 
battery is either in a very low state of 
charge or has a damaged cell. If the bat¬ 
tery voltage is less than 12.7 volts with 
the engine running, the charging system 
is inoperative. If the voltage is less than 
13.4 volts, then there is insufficient 
charging; if there is more than 15.1 volts 
across the battery terminals, overcharg¬ 
ing is occuring. 

The circuit shown in Fig. 1 constantly 
monitors the battery voltage, while LED 
displays indicate any improper electrical 
condition. The basic reference voltage 
for the monitor is formed by IC1 which is 
an adjustable voltage regulator that is 
set to a precise 8-volt output. 

This voltage reference is fed to four 
precision voltage-divider networks ( R5/ 
R6, R10/R11, R13/R14 and R17/R18) 
that provide levels of 5.75, 7.55, 6.35 
and 6.7 volts respectively, to individual 
sections of IC2. By feeding half the bat¬ 
tery voltage to the noninverting input, 
the corresponding voltages then be¬ 
come 11.5, 15.1, 12.7 and 13.4 volts. 


In IC2A, C and D, the precision refer¬ 
ence voltage is fed to the inverting input 
(-) of the comparator, while half the sys¬ 
tem’s battery voltage (via divider R1, 
R2) is coupled to the noninverting (+) in¬ 
put. As long as the voltage at the non¬ 
inverting input is greater than the volt¬ 
age applied to the inverting input, the 
output of the comparator is high. The as¬ 
sociated LED is thus extinguished, in¬ 
dicating that the system is normal for 
that particular voltage level. 

Should the battery voltage drop below 
the reference level, the comparator out¬ 
put drops to zero, causing the associat¬ 
ed LED to indicate a malfunction. 

Note that IC2B has its input terminals 
reversed; that is, the reference voltage 
is applied to the noninverting input while 
the battery voltage is applied to the in¬ 
verting input. This causes its associated 
LED to glow if the battery voltage ex¬ 
ceeds the reference level. This condition 
is also caused by a fault in the charging 
system. Diode D2 is connected between 
the output of IC2C and the inverting in¬ 
put of IC2D to prevent LED3 from light¬ 
ing if LED2 is glowing. This not only pre¬ 
vents the two indicators from lighting at 
the same time, but also provides a pos¬ 
itive indication of a particular type of fault 
in the charging system. 

Diode D1 is connected in series with 
the positive input lead to protect the cir¬ 


cuit against damage caused by an acci¬ 
dental reversal of the input leads. 

Construction. The circuit can be as¬ 
sembled on a small pc board such as 
that shown in Fig. 2. Observe the polari¬ 
ties of the two diodes and two polarized 
capacitors. A 14-pin socket can be used 
for IC2. Pin 1 of IC2 can be identified by 
a small dot or mark on the plastic case. 

The four LEDs can be mounted where 
they are easily observed, and then con¬ 
nected to their respective pads on the pc 
board. Each LED must be clearly identi¬ 
fied as to indicated fault. 

A long length of insulated wire can be 
connected between the monitor positive 
input and the battery positive terminal 
The monitor’s negative input may be 
connected to a chassis ground. 

Test and Adjustment. A 0- to 16- 

volt dc power supply and an accurate dc 
voltmeter are used to test the monitor. 

Observing the correct polarity, con¬ 
nect the two monitor input leads to the 
power supply, and set the power supply 
for a 12-volt output. 

Connect the voltmeter positive lead to 
IC1 pin 3, and the negative lead to 
ground. Adjust R3 until the voltmeter in¬ 
dicates precisely 8 volts. 

Connect the voltmeter across the 
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Fig. 2. Actual size etching and drilling guide for pc 
board is at top; component layout diagram below. 


power supply, then reduce the supply 
down to 11 volts. Both LED1 (Low Bat¬ 
tery) and LED2 (Not Charging) indica¬ 
tors should be glowing. The other two 
LED’s should be dark. 

Slowly increase the power supply volt¬ 
age until LED1 is extinguished. This 
should occur between 11.4 and 11.6 
volts. As the power supply output is in¬ 
creased, note that LED2 should extin¬ 
guish between 12.6 and 12.8 volts, and 
LED3 (Defective Diode or Stator) should 
light when LED2 goes out. 

As the power supply output is further 
increased, LED3 should go out when the 
voltage is between 13.3 and 13.5 volts. 
LED4 (Overcharge) should glow when 
the supply voltage exceeds 15.1 volts. 
Do not raise the power supply output 
above 16 volts! 

If any of the LEDs do not operate 
properly, check the 8-volt line, then 
make sure that the correct precision re¬ 
sistors are used at the proper compara¬ 
tor inputs. 

Using the Monitor. The following 
steps should be performed in sequence 
when checking an automotive battery 
and charging system. Connect the moni¬ 
tor to the vehicle’s battery terminals, be¬ 
ing sure to observe correct polarity for 
each terminal. 

An spst switch can be connected be¬ 
tween the monitor positive input lead 
and the battery so that the monitor can 
be disabled when not in use. Make sure 
that the alternator drive belt has the pro¬ 
per tension. 

Before the engine is started, the Not 
Charging ( LED2 ) or Defective Diode or 
Stator (LED3) will be lighted since the 
battery is not yet being charged. If the 
Low Battery (LED1) glows, the battery 


voltage is less than 11.5 volts. This can 
be caused by a state of deep discharge 
or a faulty cell. If this LED is glowing, in¬ 
vestigate the battery before proceeding. 

When the engine is started and every¬ 
thing is normal, all the LEDs should be 
dark. If there is an electrical malfunction, 
then one of the LEDs will glow. 

If the Not Charging LED glows, the 
terminal voltage of the battery is less 


Photo of interior 
of authors 
prototype shows 
components mounted 
on printed circuit 
board and 
connections to 
enclosure. 


than 12.7. Thus, the alternator is not de¬ 
livering any current to the battery. This 
can be caused by an open regulator cir¬ 
cuit or open alternator field. 

If the Defective Diode or Stator LED 
glows, the terminal voltage of the battery 
is less than 13.4 volts. This can be 
caused by a shorted diode or stator in 
the alternator, or an improperly adjusted 
regulator. 

If the Overcharging LED glows, the 
terminal voltage of the battery is greater 
than 15.1 volts. This can be caused by a 
shorted or misadjusted regulator. 

If no LEDs glow with the engine run¬ 
ning, load the alternator by turning on 
the headlights’ high beams, the air con¬ 
ditioner, the high-speed blower, the 
high-speed windshield wipers and the 
radio. Then moderately race the engine. 
All LEDs should be extinguished. 

If the Defective Diode or Stator LED is 
now lighted, but was extinguished with 
no load on the alternator, the most likely 
cause of the problem is an open diode in 
the alternator. 

This low-cost, easy-to-use automotive 
instrument can save the builder many 
dollars of repair costs, making it a worth¬ 
while investment in parts and labor. O 
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W HEN YOU design or build proj¬ 
ects, particularly large-scale de¬ 
signs in which many transistors and/or 
IC’s are used, most of the effort goes 
into creating the final circuit and the 
printed circuit board. All too often, the 
power supply is just an afterthought. 
This is unfortunate because even a well- 
designed and assembled project may 
operate borderline if the power supply is 
not delivering the correct voltage at the 
required current. This problem is com¬ 
pounded when the supply must deliver 
large amounts of current, as in multi-IC 
digital circuits, especially microcomput¬ 
ers. Hence, the power supply deserves 
special attention, since it is often critical 
to the success of an electronic project. 

In this first of a two-part article we will 
discuss power supply basics, some de¬ 
sign concepts, etc. By the end of Part II, 
you should be able to design low-volt¬ 
age, high-current power supplies that 
can perform as required for just about 
any project. 


BY JOSEPH CARR 


iow 

TO 

DESK 


Transformers. The transformer is 
generally a voltage converter. It reduces 
the standard 117-volt ac power line po¬ 
tential to the lower voltages required in 
solid-state electronics. Most discrete cir¬ 
cuits operate with potentials in the 1.5- 
to-28-volt range; linear 1C systems oper¬ 
ate in the range from ±4.5 to ± 
18 volts; CMOS circuits require between 
4 and 18 volts; and TTL requires the use 
of a tightly regulated 5-volt supply line. 

Because a transformer is very effi¬ 
cient, stepping the line potential down in 
the secondary winding increases the 
current available for any given voltage 
level. The primary VA (volts times am¬ 
peres) rating is very nearly equal to the 
VA rating of the secondary. Simply stat¬ 
ed, Ep r j X l pr j = E sec X l sec , where 
Ep r j is the potential in the primary wind¬ 
ing (117 volts ac); l pr j is the primary cur¬ 
rent; E S ec 'S the voltage in the second¬ 
ary; and l sec is the secondary current. 

Rectifier. The rectifier converts the al¬ 
ternating current from the transformer’s 
secondary into pulsating direct current 
(dc). The simplest of rectifiers is the half¬ 
wave circuit shown in Fig. 1. 

All rectifiers operate on the same prin¬ 
ciples, whether they are solid-state or 
vacuum-tube types. They conduct cur¬ 
rent in only one direction. When an ac 
sine wave is applied to the input of this 
circuit, current passes through the rec¬ 
tifier only when its anode is more pos¬ 
itive than its cathode, as in Fig. 1A. On 
the other half of the ac cycle, the rectifier 
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Fig. 1. Forward-binned diode (A) conduct* current while 
reverse-biased diode (B)does not. In (C), upper trace 
is ac input, lower trace is pulsating dc across load. 
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Fiy. 2. At (A) is fullwave rectifier. Ac in primary 
ofTl is upper trace i)i (B), pulsating dc is at bottom. 



Fig. 3. A full-wave bridge rectifier. Broken lines 
show current flow during each half of the a c input cycle. 


is reverse-biased (Fig. IB), thus pre¬ 
venting the flow of current through the 
external load, R|_- 

The waveforms associated with the 


half-wave rectifier are shown in Fig. 1C. 
The top waveform is that of the ac sine 
wave applied to the input, while the bot¬ 
tom waveform shows the rectified pul¬ 


sating dc output across R|_ Note that 
the pulsating dc output exists only when 
the input waveform is in its positive alter¬ 
nation. Because half of the input wave¬ 
form is not used, the half-wave rectifier 
is very wasteful of electrical energy. And 
half-wave rectification presents difficul¬ 
ties in filtering the output to pure dc with 
no ripple component. 

The half-wave rectifier has an aver¬ 
age output potential of approximately 
0.45 times the applied rms potential and 
its ripple amounts to 120%. To add to 
the problems of this design, the trans¬ 
former used must have a primary VA rat¬ 
ing 40% greater than is required if full- 
wave rectification were used. 

A basic full-wave rectifier using a cen¬ 
ter-tapped transformer is illustrated in 
Fig. 2A. At any given ac peak, one end 
of the transformer's secondary is pos¬ 
itive, while the other end is negative. 
The center tap is at a potential that is 
half that across the entire secondary. 
Therefore, if the center tap is used as 
the common reference, equal and oppo¬ 
site polarity potentials will be found at 
either end of the secondary with respect 
to the center tap. 

Let us consider the case when the top 
of the secondary is more positive than 
the bottom. Current flows from the com¬ 
mon center tap through Rj_ and for¬ 
ward-biased rectifier D1 (whose anode 
is more positive than its cathode) and 
then back to the transformer. During this 
period, D2 is reverse-biased due to the 
negative potential at its anode so that no 
current can flow through it. 

On the alternate half-cycle, D1 be¬ 
comes reverse-biased and D2 conducts. 
Current then flows from the center tap 
through R[_ and forward-biased D2 and 
back to the secondary of the transform¬ 
er. Note that, in both cases, the current 
flows through the load in the same direc¬ 
tion. This produces the "double- 
humped" waveform across Rl shown in 
the lower trace of Fig. 2B. In essence, 
the negative-going portion of the applied 
ac sine wave has been “folded up” to 
produce the double-frequency wave¬ 
form shown in the figure. 

The bridge circuit shown in Fig. 3 is 
another type of full-wave rectifier. It em¬ 
ploys a diode “ring" (D1 through D4) for 
rectification. The secondary of the trans¬ 
former is not center tapped; the diode 
ring provides the negative (sometimes 
ground) reference point. The two “cor¬ 
ners" of the bridge labelled “ + " and 
and go to the positive and negative 
sides of the filter capacitor. 

Since the bridge rectifier circuit em- 
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ploys the entire secondary potential, it 
produces an output potential (pulsating 
dc) of twice that of the ordinary full-wave 
rectifier using the same transformer. 
There is one catch, however. The bridge 
rectifier supply delivers only half the cur¬ 
rent of the full-wave rectifier for a given 
primary VA rating. There are occasions 
when it is possible to exceed this and 
draw nearly the full rated current from 
the transformer’s secondary without 
causing damage, but this is not depend¬ 
able in all cases. 

The average dc output potential in an 
unfiltered full-wave supply is approxi¬ 
mately 0.9 times the applied rms poten¬ 
tial, or about twice the voltage obtained 
with the half-wave rectifier. Both types of 
full-wave rectifiers have an output ripple 
component of about 48% and, thus, 
need filtering to produce the dc required 
by the electronic circuits. Also, the ripple 
frequency in the full-wave rectifier circuit 
is 120 Hz, which is twice the frequency 
of the line power. 


The value of Cl is critical to the perfor¬ 
mance of the power supply. It should be 
no less than 1000 p.F per ampere of out¬ 
put current; many authorities claim that 
2000 jxF per ampere should be the mini¬ 
mum. In any event, it is good practice to 
use not less than 1000 jxF in projects 
that draw 1 ampe.e or less current. A 
typical 5-volt, 4-ampere dc power supply 
for a small digital computer would re¬ 
quire not less than 8000 microfarads for 
a good filtering. 

The waveform shown in Fig. 4B illus¬ 
trates how the filter capacitor reduces 


the level of the pulsations in the rectified 
output waveform. Capacitor Cl charges 
up as long as the pulsating dc applied to 
it is rising. Once the peak potential has 
been reached and the rectified wave¬ 
form begins to drop toward zero, the ca¬ 
pacitor dumps its charge to fill up the 
spaces (shaded area in Fig. 4B) be¬ 
tween the pulses. Obviously, the greater 
the charge dumped, the smoother will 
be the top of the output waveform from 
the filter. The five waveforms shown in 
Fig. 5 were obtained from a low-voltage, 
5-ampere supply using different 
amounts of filter capacitance. The circuit 
employed was that shown in Fig. 4, us¬ 
ing a transformer rated at 13 volts and 
10 amperes. 

The Fig. 5A waveform shows the unfil¬ 
tered output across the load resistor. 
The base line represents the 0-volt level, 
while the peak of the pulsating dc wave¬ 
form is just short of 19 volts. The result 
of connecting a 150-p.F capacitor across 
the load is shown in Fig. 5B. Note that 
the ripple has been reduced and has 
taken the shape of the filtered output 
shown in Fig, 4B. A dc voltmeter con¬ 
nected across the load indicated 
approximately 13 volts when there was 



Filters. The filter smoothes out the pul¬ 
sating dc output from the rectifier to cre¬ 
ate the nearly pure dc required by the 
electronic circuitry load. 

The half-wave rectifier produces one 
dc pulse for each ac cycle (Fig. 1C), 
while the full-wave supply produces two 
dc pulses per cycle (Fig. 2B). These 
waveforms illustrate the difference in rip¬ 
ple frequency—60 Hz for the half-wave 
and 120-Hz for the full-wave rectifiers— 
and implies that the higher frequency of 
the full-wave rectifier’s output is easier 
to filter. 

The usual high-value capacitor found 
in power supplies is shown in Fig. 4A. In 
this circuit, the bridge rectifier is shown 
in block form, since it is most often a 
bridge-rectifier assembly rather than a 
set of four discrete rectifier diodes. Filter 
capacitor Cl is connected directly 
across the rectifier. 




B 




Fig. 5. How capacitors smooth waveform. Lower trace is 
zero volts. (A) is full-wave dc without filter; (B) has 
150-pF capacitor; (C) 2000 nF; (D) 5000 M F; (E) 18,000 pF. 
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no filtering. With the 150-p.F capacitor 
installed, it indicated 16.8 volts. 

Connecting a 2000-fxF capacitor 
across the load produced the Fig. 5C 
waveform. The ripple is substantially re¬ 
duced and the average dc potential has 
risen to about 18 volts. The situation is 
ever, better in Fig. 5D, where the capaci¬ 
tance is 5000 g.F. The ripple has less¬ 
ened to the point of almost disappear¬ 
ing. The dc potential has risen only an 
additional 0.7 volt, to 18.7 volts. In the 
Fig. 5E waveform, an 18,000-jjlF capaci¬ 
tor is across the load, which results in 
less ripple but no increase in the dc out¬ 
put potential. Bear in mind that this is for 
a 4-ampere power supply in which the 
formula capacitance should have been 
8000 microfarads. 

Voltage Regulators. Circuits that 
maintain their output potential constant 
over a wide range of load variations are 
termed “voltage regulators." Most com¬ 
puters and all TTL circuits fare better on 
such regulated power supplies. 

Voltage regulators for low-current lev¬ 
els are reasonably simple. Up to 5 am¬ 
peres, conventional low-cost three-ter¬ 
minal 1C regulators can be used. The cir¬ 
cuit of a power supply in which a three- 
terminal regulator is used is shown in 
Fig. 6A. 

Several different but essentially simi¬ 
lar families of three-terminal 1C regula¬ 
tors exist. Probably the most familiar is 
the LM309 series, the LM309H being a 
100-mA device in a TO-5 package and 
the LM309K a 1-ampere device in a 
TO-3 case. 

There is also the LM340 series in 
which the output voltage is indicated by 
a number suffix added to the basic se¬ 
ries number. For example, the LM340-5 
is a 5-volt regulator, while the LM340-12 
is a 12-volt device. These devices are 
available with outputs up to 24 volts. 
74 


Fig. 6. Circuit at (A) is typical 
low-current , positive regulated 
supply. In negative regulator 
(B), note pin number difference, 


They come in two package styles—the 
K package for 1 -ampere and the T pack¬ 
age for 750-mA capacity. 

The LM320 devices are essentially 
the same as the LM340 devices, except 
that they are designed for negative out¬ 
put voltages. Note that the pinouts for 
the negative regulator shown in Fig. 6B 
are different than for the positive regula¬ 
tor. Failure to observe this fact can result 
in catastrophic damage when the power 
supply is turned on. 

Another well-known regulator family is 
the 7800 (positive) and 7900 (negative) 
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Fig. 7. Bottom waveform shows 
how a regulator “limits” peaks 
on rectified pulsating dc. 

series. The output potential is given by 
the last two digits in the type number 
(7805 for +5 volts and 7812 for 4-12 
volts output, for example). 

As shown in Fig. 6A, all three-terminal 
regulators should have noise bypass ca¬ 
pacitors (C2 and C3) across their input 
and output terminals. Various manufac¬ 
turers specify different values for these 
bypass capacitors, the most common 
being between 0.33 and 2 jxF. These 
noise filters should be wired as close to 
the terminals of the regulator as possi¬ 
ble. If you use the lower value, the capa¬ 
citor should be of ceramic disc construc¬ 
tion. If the higher value is used, select a 
tantalum capacitor. 


Capacitor C4 is optional but desirable, 
especially where output current de¬ 
mands are very dynamic. The capaci¬ 
tance usually specified is on the order of 
100 p,F per ampere, or about a tenth of 
the value of the main filter capacitor. 
This added capacitor is not specifically 
used for filtering but to provide a 
“hedge" against output voltage droop 
under transient load conditions. 

It is necessary to use a filter capacitor 
before a regulator; and Fig. 7 reveals 
why. The upper trace is the pulsating dc 
obtained from the rectifier, while the low¬ 
er trace is the output of the regulator 
when filter capacitor Cl is disconnected 
from the circuit. The unfiltered but regu¬ 
lated output waveform rises in each cy¬ 
cle until it reaches the cutoff point of the 
regulator, at which point it clips. Now, 
examine the waveform shown in Fig. 8. 
Although these waveforms appear to be 
similar to those shown in Fig. 5, they are 
different. In Fig. 5, the lower trace was 
used to indicate the 0-volt base line, 
while in Fig. 8 they illustrate the input 
(upper) and output (lower) of a three-ter¬ 
minal regulator. These traces are ac- 
coupled to the oscilloscope so that the 
dc component is suppressed and to per¬ 
mit the 5000-^jlF ripple component to be 



Fig. 8. Waveform at top is 
before regulator. Lower trace 
shows how ripple is eliminated. 

shown on a larger scale. The preregula¬ 
tion waveform of the upper trace was 
taken using a 0.2-volt/cm sensitivity in 
the scope’s vertical channel, while a 
0.01-volt/cm sensitivity was used for the 
lower trace. Even at 20 times sensitivity, 
no apparent ripple appears in the output 
waveform on the scope. 

Overvoltage Protection. Unfortu¬ 
nately, there are occasions when 
“something happens" in the regulator 
that permits the output voltage to rise 
above the required level. This potentially 
disastrous situation can be averted with 
an overvoltage protection circuit like that 
shown in Fig. 9. This circuit is called a 
ELECTRONIC EXPERIMENTER’S HANDBOOK 






























Fig. 9. Crowbar overvoltage protection circuit “fires” 
when 5-volt line exceeds breakdown voltage of zener diode. 


"crowbar” because it operates by short¬ 
ing the output to ground in the same 
manner as a conducting metal crowbar 
would if it were actually connected 
across the supply. 

Normally, the supply potential (in this 
case +5 volts) is too low to allow zener 
diode D1 to conduct. Consequently, the 
SCR presents a high impedance that 
makes it "invisible" to the dc line. When 
the potential on the supply line exceeds 
5.6 volts, D1 conducts and generates a 
voltage across R2. This voltage is then 
applied, via R1, to the gate of the SCR, 


which triggers on. When this occurs, the 
short circuit that results causes fuse FI 
to blow and shut down power. Although 
this circuit appears to be a little crude, it 
is extremely effective and can prevent 
damage to an expensive system con¬ 
nected to the power supply. 

If you decide to use the crowbar pro¬ 
tection circuit shown in Fig. 9, select an 
SCR that can handle about twice the 
current normally delivered by the power 
supply. Also, use a conventional fast- 
blow fuse for FI. 

Some of the circuits we will discuss in 


Part II employ commercially available 
overvoltage protection devices, such as 
the OV-1 shown in Fig. 6A. 

Current Limiting. This feature is usu¬ 
ally found in supplies that employ more 
sophisticated voltage regulator circuits 
than those described above. Essentially, 
a small-value resistor is connected in 
series with the output lead of the regula¬ 
tor and the current drawn by the load 
generates a small voltage drop across 
this resistor. This voltage is applied to a 
comparator/amplifier that shuts down 
the power supply if excess current is 
drawn by the load. 

Coming Up. In Part II of this article, we 
will discuss further design criteria. We 
will also present four construction proj¬ 
ects: a + 8-volt, 15-ampere power sup¬ 
ply for Altair (S-100) bus microcomput¬ 
ers; +5-volt, 4-ampere power supply; 
± 12-volt, 1-ampere power supply; 
and a sophisticated 5-volt, 10-ampere 
power supply with overvoltage protec¬ 
tion and current-limiting shutdown. O 


I N THIS section, we will give some ad¬ 
vice on the overall circuit design of 
such supplies and discuss several con¬ 
struction projects. 

Some Basics. The transformer for the 
supply should have a current rating 
higher than that required by the elec¬ 
tronics system it is powering. Many 
transformers will operate excessively 
hot when operated at their rated current, 
so a safety margin is a good investment. 
Also, keep in mind that, when a trans¬ 
former is specified, a bridge-rectified 
supply can safely draw only one-half of 
the transformer's rated secondary cur¬ 
rent without exceeding the transformers 
primary VA (volts times amperes) rating. 
In some cases the secondary rating can 
be exceeded, but it is risky. 

A filtered power supply will produce 
an output that is close to the peak volt¬ 
age appearing across the transformer 
secondary, but the transformer ratings 
are likely to be in terms of the rms volt¬ 
age. which is defined as 0.707E peak. 
The voltage that appears across the fil¬ 
ter capacitor will be between 0.9E peak 
and the peak voltage, rather than the 
rms voltage. 

You may conclude then, that the out¬ 
put voltage will approach 1.4 times the 


PART 2 

Some typical, 
easy-to-build 
circuit applications. 


rms voltage rating of the transformer 
secondary. For a typical power supply 
designed for the Altair (S-100) bus sys¬ 
tems, a 6.3-volt transformer with a 
bridge rectifier will generate the ‘‘nomi¬ 
nal 8 volts" required with this approach. 
Alternatively, a 12.6-volt transformer 
and a conventional full-wave rectifier will 
also do the trick. These secondary volt¬ 
ages are popular in high-power transmit¬ 
ter filament supplies, so it is relatively 
easy to locate both 6.3- and 12.6-volt 
transformers having high current ratings 
at electronics surplus dealers, hamfests, 
and auctions. One transformer manu¬ 
facturer, Triad, makes three transform¬ 
ers that power-supply builders should in¬ 
vestigate. The F-22A is rated at 6.3 volts 
at 20 amperes; the F-24U at 6.3/7.5 


volts at eight amperes; and the F-28U at 
6.3/7.5 volts at 25 amperes. The last 
two models offer the advantage of a 
tapped primary so that either 6.3 or 7.5 
volts appear across the secondary, de¬ 
pending on which tap is used. 

Do not skimp on the rectifiers. Always 
use individual rectifier diodes, or molded 
bridges with current ratings greater than 
the expected requirements. If possible, 
a rectifier having a rating 150 to 200% 
higher than the current predicted should 
be used. 

The peak inverse voltage (piv) or peak 
reverse voltage (prv) as it is sometimes 
called, is critical. The peak voltage is de¬ 
fined as 1.4 times the rms rating of the 
transformer, and this is the voltage to 
which the filter capacitor charges. 

Once during each power-line cycle, 
the capacitor voltage is in series with the 
entire rectifier voltage, so the reverse 
voltage applied to the diodes is two 
times 1.4 rms, or 2.8 times rms. This 
means that the piv rating of the rectifier 
diode should be 2.8 times the applied 
rms voltage. Some designers prefer 
three times rms for safety. 

When using a 6.3-volt transformer, 
there are few problems since the lowest 
piv rating for most rectifier diodes is 
about 25 volts. However, consider the 
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case when a 12.6-, 18-, or 24-volt trans¬ 
former is used. In the first case, a 50-volt 
piv diode rating is adequate; but in the 
second, this rating is marginal; and in 
the third case, it is unsatisfactory. In the 
latter two cases, a 100-volt piv rectifier is 
required. 

When using regulator transistors, or 
three-terminal 1C voltage regulators, be 
generous with the size of the heatsink. 
This is not an area in which to skimp, 
since getting rid of heat is essential to 
the long life and reliability of the circuit. 
Keep in mind that a shorted series-pass 
transistor in a power supply can easily 
destroy the circuit it is powering. Even if 
an associated overvoltage protection 
circuit works properly, it might not oper¬ 
ate fast enough to protect certain types 
of semiconductors. 

8-Volt, 15-Ampere Supply. The Al- 

tair bus, also called the S-100 bus by 
non-Altair manufacturers, uses the con¬ 
cept of distributed voltage regulation. In 
this case, the computer mainframe pow¬ 
er supply generates a well-filtered but 
unregulated +8 volts. Each circuit board 
that "plugs” into the bus has its own 5- 
volt regulator, usually of the 1 -A type. 

Most three-terminal regulators require 
an input voltage 2 to 3 volts higher than 
the output voltage rating. If a lower volt¬ 
age is applied to the input, the voltage 
will drop and become unregulated. 

The power dissipated by a regulator is 
(Vj n -Vout) 1 - Thus, with an 8-volt input, 
a regulator that delivers 5 volts at its full 


rated current of 1 ampere will dissipate 3 
watts of heat. The S-100 bus 8-volt sup¬ 
ply then, is proper for the +5 volts re¬ 
quired by TTL devices. Up to +35 volts 
could be used as the input for such regu¬ 
lators, but that is unwise since it would 
increase the dissipation of the regulator 
to the danger point. 

The circuit for an 8-volt, 15-ampere 
power supply is shown in Fig. 1. Trans¬ 
former Tl is rated at 6.3 volts and 25 
amperes. The rectifier is a 25-ampere 
bridge stack mounted on its own heat¬ 
sink. The filter capacitor (Cl) is rated at 
80,000 |jlF and reduces the ripple to a 
few millivolts. Resistor R1 across the 
output is required for static testing since 
the unloaded voltage approaches 14 
volts—common with high-current, low- 
voltage transformer supplies. Resistor 
R1 solves the problem at a cost of only 
80 mA of current drain. Transformer Tl, 
like many high-current units, comes with 
"solderless” terminals. These did work 
loose during construction so a good les¬ 
son to learn is: always solder solderless 
connections. This becomes imperative 
in high-current supplies. 

Since the major expense in this (and 
other) high-current power supplies is the 
transformer, it may pay to shop judi¬ 
ciously through various surplus stores 
that handle electronic equipment, in 
search of transformers in the 15-to-30- 
ampere range. 

5-Volt, 4-Ampere Regulated Sup¬ 
ply. Most digital circuits use many TTL 


logic units, and therefore require a pow¬ 
er source of 5 volts at a couple of am¬ 
peres. The circuit shown in Fig. 2 can 
deliver well-regulated 5 volts at 4 am¬ 
peres (or 5 amperes with regulator and 
rectifier heatsinking). 

The circuit is powered from a trans¬ 
former rated at 6.3/7.5 volts at 8 am¬ 
peres. Capacitor Cl, the main filter, was 
selected according to the rule requiring 
2000-jxF/output ampere. This produced 
a value of 8000 *jlF. Tantalum capacitors 
are used for C2 and C3 to reduce the 
susceptibility of the voltage regulator to 
noise pulses on the power line. For best 
results, these capacitors must be 
mounted as close as possible to the in¬ 
put and output connectors of the regula¬ 
tor. Capacitor C4 is used to improve the 
transient response of the regulator un¬ 
der highly dynamic current changes 
while the digital circuit is operating (see 
Part 1). The value of C4 is determined 
by the 100-fxF/output ampere rule, so it 
should be 400 ^F but the next highest 
standard value of 500 jaF is used. 

The voltage regulator is a three-termi¬ 
nal device that can deliver 5 volts at 5 
amperes. In this case, it was a Lambda 
type LAS-1905 (Lambda Electronics, 
515 Broad Hollow Road, Melville, NY 
11746). Although the single-unit price is 
about $14, this one device does save 
the several components that would be 
required to use a low-current regulator 
drive with a series-pass transistor. It is 
also much simpler to use. 

As usual, provide a suitable heatsink 



Fig. 1. Basic 8-volt, 15-ampere dc source. 
Note heavy wiring between elements. 


PARTS LIST 

Cl — XO.OOO-nF. 15-V electrolytic 
RI — 100-ohm, 2-W resistor 
RECTI — 25-A bridge rectifier (GE 
GEBR-425 or similar) 

Tl — 6.3-V. 25-A transformer (Triad F-28U 
or similar) 
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Fig. 2. Five-volt, 4-A dc supply 
with overvoltage protection. 
Extra transformer is for an 
unregulated supply whose 
components are not shown. 

PARTS LIST 

C | — 8(KK)-|xF. 25-V electrolytic 
C2 — 2-p.F, 25-V tantalum capacitor 
C3 — 1-p.F. 25-V tantalum capacitor 
C4 — 5(X)-p.F. 15-V electrolytic 
FI — 7-A, fast-blow fuse and holder 
IC1 — 5-V. 5-A regulator (Lambda LAS-1905 
or similar) 

OVI — 5-V overvoltage protector (Lambda 
L6-OV5 or similar) 


for the voltage regulator so that it will run 
cool at its full rated current. 

The over-voltage protection (OVI in 
Fig. 2), is an SCR crowbar type (see 
Part 1) also manufactured by Lambda. 
This TO-3 size protection circuit will fire 
the crowbar at 6.6 volts. Note that pin 1 
of this circuit is left floating for proper op¬ 
eration in this application. 


12-Volt, 1-Ampere Supply. Many 
circuits, including those using linear IC’s 
(especially op amps), and S-100 boards 
require dual-polarity supplies at reason¬ 
able current. The circuit shown in Fig. 3 
features two supplies driven from a com¬ 
mon transformer, delivering +12 and 
-12 volts to ground at 1 ampere each. 

The transformer is a 25-volt center- 
tapped unit rated (at the least) at 2 am¬ 
peres. However, if you intend to operate 
close to the 1-ampere output, the trans¬ 
former may either run hot, or not deliver 
the current, so a unit rated at 3 amperes 
is preferable. 

The circuit uses a full-wave bridge 
stack (with a minimum rating of 1 am¬ 
pere), but it is actually wired as two half¬ 
wave rectifiers since the transformer 
center tap is the common ground. The 
negative terminal of the bridge feeds the 
negative supply, while the positive termi¬ 
nal feeds the positive supply. 

The filter-regulator portions of the 
supply are the same as those previously 
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used, except that independent regula¬ 
tors are used for each side. Again, heat¬ 
sinks should be provided for the regula¬ 
tors to keep them operating cool. Note 


also that over-voltage protection mod¬ 
ules (OVI and OV2) are used. Because 
these modules are available in only one 
polarity, the negative supply protector 
is used “upside down,” making it nec¬ 
essary to “float” the case above 
ground. 

5-Volt, 10-Ampere Supply. The cir¬ 
cuit shown in Fig. 4 delivers regulated 5 
volts at 10 amperes. The transformer 
delivers 6.3 volts at 20 amperes. The 
series-pass transistor (Ql) and the 1C 
voltage regulator are conventional HEP 
types. Two versions of the 1C regulator 
are available, but only the one having 
the “R” suffix is suitable for this applica¬ 
tion. (The low-power version, having the 
"G” suffix, may work properly heat- 
sinked). Capacitors C2 , C3, and C4 
should be mounted as close as possible 
to the appropriate pins of the 1C voltage 
regulator. 

Pin 5 of the regulator is the output- 
sense terminal and is used to provide 
means for remotely sensing the level of 
the output voltage. Ordinarily, this is not 
a requirement for low-current supplies, 
but at high output currents (several am¬ 
peres), the voltage drop in the wiring be¬ 
tween the power supply and load can re¬ 
duce the voltage at the load below the 
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Fig. 3. Dual-polarity 12-volt supply includes 
optional overvoltage protection. Note use 
of barrier strips for power-supply connections. 


RECT I 



PARTS LIST 


C1,C2—2000-jxF, 25-V electrolytic 
C3 through C6—1 -mF, 25-V electrolytic 
C7,C8—100 -mF, 15-V tantalum capacitor 
F1,F2—1.5-A 3AG fuse and holder 
IC1—+ 12-V regulator (LM340K-12 or 
similar) 

IQ? IC2—12-V regulator (LM320K-12 or 
(> v £)i similar) 

OVl,OV2—12-V overvoltage 
| protector (Lambda L2-OV12 or similar) 
RECTI — 1-A, 200-piv bridge rectifier 
T1—25.2-V, 2.8-A transformer 
(Triad F-56X or similar) 


OVI 


RECTI —25-A bridge rectifier (GE 
GEBR-425 or similar) 
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Fig. 4. Typical regulated supply 
for 5 V at 10 A. Circuit includes 
a line over-voltage protector and 
current limiting'regulator. 
Photo at top shows top of chassis. 
Underneath view is directly above. 
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PARTS 

Cl — l8.(XX)-p.F, 15-V electrolytic 
C2.C3 — 0. 1-fxF. 50-V capacitor 
C4 — ().(X)1 -p.F. 50-V capacitor 
C5 — I -p.F. 25-V tantalum capacitor 
FI — 2-A. 3AG fuse and holder 
F2—15-A fuse and holder 
IC1—MC1469R or HEP C6049R 
(Motorola) voltage regulator 
MOV I—Metal oxide transient suppressor 
(GE) 

OVI — 5-V overvoltage protector (Lambda 
L35-OV5 or similar) 


LIST 

Q1—2N3771 or HEP S7000 (Motorola) 

Q2 — 2N706 or similar 
RI — 60-milliohm (use five 0.33-ohm in par¬ 
allel) 

R2 — 100-ohm. V^-W resistor 
R3— 1000-ohm. V4-W resistor 
R4 — 3300-ohm, V4-W resistor 
R5 — l().(XX)-ohm trimmer potentiometer 
RECTI — 25-A bridge rectifier (GE 
GEBR-425 or similar) 

T! — 6.3-V 25-A transformer (Triad F-28U or 
similar) 


4.75 volts specified for proper operation 
of TTL devices. In one test, 18 inches of 
#12 wire dropped the 5-volt output of 
the power supply to 4.5 volts at the TTL 
devices, resulting in erratic operation. 

The remote sense line, connected to 
pin 5, is connected to the same point on 
the TTL board as the +5-volt line from 
the main power source. Thus, the 1C 
regulator is using the actual board volt¬ 
age as the reference, and can compen¬ 
sate the power supply for the unwanted 
voltage drop. This means that the actual 
output of the power supply is higher than 
the nominal 5 volts. If wiring voltage 
drop is not a problem in your system, 
then simply connect the remote sense 
line (pin 5) to the actual output (+5 
volts) of the supply. Again, overvoltage 
protection is provided by an SCR crow¬ 
bar circuit. 

A new element can be added to this 
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circuit—a line over-voltage protector 
across the transformer primary. This 
particular device (called a MOV) is made 
by General Electric and "looks” like a 
pair of back-to-back zeners, having a 
117-125-volt ac voltage rating. It clips 
any high-voltage line transients that ex¬ 
ceed the rated voltage. These line tran¬ 
sients, which can reach many hundreds 
of volts, can be generated by local light¬ 
ning storms or by inductive loads being 
switched somewhere on the common 
power line. Keep in mind that semicon¬ 
ductor junctions fail catastrophically 
when excessive voltage is applied, in 
many cases for only a very brief time. 
The use of the MOV does not guarantee 
that you will have complete protection, 
but it does give the system a chance to 
survive such a transient. 

Another feature of the supply shown 
in Fig. 4 is current limiting with auto shut¬ 


down. Pin 4 of the 1C regulator (the cur¬ 
rent limiting input) is controlled by tran¬ 
sistor Q2. The base bias of Q2 is con¬ 
trolled by the voltage drop across the 
small-valued series resistor R1. (This re¬ 
sistor, a 60-milliohm unit, can be fab¬ 
ricated from five 0.33-ohm resistors con¬ 
nected in parallel.) The value of this re¬ 
sistor for other current-limiting levels can 
be calculated (approximately) from R1 
= 0 . 6 / 1 . 

At an output current of 8.5 amperes, 
series-pass transistor Q1 started to op¬ 
erate uncomfortably hot after about 20 
minutes. A 50-cfm "muffin” fan was 
used to blow air across the heatsink of 
Q1 and solved this problem. Without the 
fan, the case temperature of Q1 is too 
hot to touch after one hour of operation, 
but with the fan, it remains comfortably 
warm. The cooler operation of the volt¬ 
age regulator will prolong its life. O 
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BY MARTIN SMAHA 


Build a 

COMPUTER 
MUSIC BOX 
PERIPHERAL 


Low-cost, 12-tone, 
4-octave music generator 
also produces 
test signals. 


J UDGING from the many commer¬ 
cial plug-ins available, computer¬ 
generated music appears to be the "in” 
thing today. If you have found the single¬ 
bit method is too limited and the digital/ 


analog converter approach too expen¬ 
sive, the low-cost (less than $30) Music 
Box described here may be just for you. 

The Music Box has a 12-note, four- 
octave range. It can be used with any 


computer that has a parallel output port. 
And to simplify its use, no strobes or oth¬ 
er handshake signals are required. 

The Music Box circuit is not limited to 
making music. It can easily be pro- 


0PTI0NAL ( l3 ‘ 
OUTPUTS 
(SEE 
TEXT) 



PARTS LIST 

CI. C'2 — -0.01 -jlF Mylar capacitor 
DI through D12— IN914 diode 
1C'I 74154 4-line to 16-line decoder 
IC2—555 timer 

IC3. IC4 -7473 dual JK flip-flop 
IC5 -7400 quad NAND gate 
Q1—2N3904 transistor 
R1 through R13—5000-ohm linear-taper 
pc trimmer potentiometer 
The following are I/4-watt, 5ft-tolerance re¬ 
sistors: 

R14, R 15, R19, R20—1000 ohms 
R16 — 10.(KM) ohms 
R 17 -22.000ohms 

RIS. R2I. R22. R23. R24—100.000ohms 
Misc 1C' sockets (optional): suitable proto- 
tv ping board; suitable enclosure: etc. 


As bits 0 through 3 from computer change, the vco changes frequency. 
Other four bits (4 through 7) determine the octave of the audio output. 
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grammed to generate a mix of tones, up 
to a total of 16, for use as test and re¬ 
mote-control signals. 

Circuit Operation. The circuit (see 
schematic diagram) can be broken 
down for discussion purposes into three 
major subsections: note decoder/selec¬ 
tor, voltage-controlled oscillator (vco), 
and octave decoder/selector. 

The note decoder/selector consists of 
integrated circuit IC1 , a 4-line to 16-line 
decoder. As the four control bits from the 
computer (bits 0, 1,2, and 3) are en¬ 
tered into 1C 1 , one of the 16 output lines 
is driven low. When the output line goes 
low, it allows its associated diode (D1 
through D12) and series potentiometer 
(RI through R12) to control the voltage 
and, hence, the frequency of the vco 
made up of IC2, Ql, and their associat¬ 
ed components. Since only 12 tones per 
octave are used in music, output lines 
13. 14, and 15 of IC1 (pins 15, 16, and 
17) are not used. (These three lines can 
be used to control an external device, as 
we will discuss later.) When ICI's output 
0 at pin 1 is low. the vco is cut off to pro¬ 
vide a no-note condition. 

Timer IC2 is configured as an oscilla¬ 
tor. with transistor Ql serving as a volt¬ 
age-controlled resistor that works in 
conjunction with frequency-determining 
capacitor Cl. By varying the bias ap¬ 
plied to the base of 07, the output fre¬ 
quency of the vco system can be made 
to vary. 

Resistor R18 determines the low- and 
R16 and ft 7 7, the high-frequency ends 
of the range. Capacitor Cl can be 


TABLE I— 

THE WELL-TEMPERED 
MUSICAL SCALE 


Control bit 

Frequency 

Note 

765432 1 0 

(Hz) 

5th Octave 

10000000 

0 

Off 

1 000000 1 

523.25 

C 

00 1 0 

554.37 

c# 

00 11 

587.33 

D 

0 100 

622.25 

D# 

0 10 1 

659.26 

E 

0 110 

698.46 

E# 

0 111 

739.99 

F 

1 000 

783.99 

G 

100 1 

830.61 

G# 

10 10 

880.00 

A 

10 11 

932.33 

A# 

1100 

987.77 

B 


changed to select the desired frequency 
range. The output of the oscillator at pin 
3 is fed to the flip-flops in IC3 and IC4 for 
octave generation. 

The four octaves of square waves 
generated by IC3 and IC4 are summed 
with the four octave-control bits (bits 4, 
5, 6, and 7) by the four AND gates in 
IC5. The resulting selected octaves are 
mixed in R21 through R24 for applica¬ 
tion to an external audio system. Any 
combination of four octaves can be se¬ 
lected simply by changing the status of 
bits 4 through 7. If all octave bits are low, 
no tone appears at the output. Note that 
no status signals are required. 

Since the audio output consists of 
square waves, it is not difficult to in¬ 
troduce various types of filters to create 
different sounds. 

Construction. The entire circuit can 
be assembled on any prototyping board 
that can be connected to the parallel 
output port of the computer in which the 
Music Box is to be used. The power for 
the Music Box can be taken from the 
r 5-volt and ground lines in the comput¬ 
er. Alternatively, you can use an exter¬ 
nal power supply rated at 100 mA mini¬ 
mum. In either case, a common ground 
must be used between the Music Box 
and computer. 

You can use sockets for the IC’s if you 
wish and small board-mounted trimmer 
potentiometers for R1 through R13. 

Calibration. Although the Music Box 
was designed for use with a computer, it 
does not require a computer for calibra¬ 
tion. All you need is a 5-volt dc power 
source and an audio system. A frequen¬ 
cy counter will simplify calibration but is 
not a necessity. 

Before applying power to the Music 
Box, set Ri through R12 to their max¬ 
imum series resistance and R13 to its 
center of rotation. If you have a frequen¬ 
cy counter, connect it to the test point. 
Otherwise, connect the output of the 
Music Box to an amplifier/speaker com¬ 
bination so that the pitch of the output 
signal can be compared with the sound 
of a known musical instrument. 

Using temporary jumpers to the + 5- 
volt (1) and ground (0) lines, set the con¬ 
trol bits to the values given in Table I and 
adjust the corresponding trimmer poten¬ 
tiometer (Ri through R12) to obtain the 
indicated frequency (or the correct tone 
when compared with the sound from a 
musical instrument). If the entire range 
cannot be obtained, readjust ft73 and 
perform the above procedure again. 


TABLE II- 

-TEST VALUES 

Note 

Number value (n) 

Off 

0 

C 

1 

C# 

2 

D 

3 

D# 

4 

E 

5 

E* 

6 

F 

7 

G 

8 

G# 

9 

A 

10 

A# 

11 

B 

12 

Octave 

Number value 

5 

n - 128 

4 

n • 64 

3 

n * 32 

2 

n t 16 


Note: Br, is the highest note (n 140) 
Ca is the lowest note (n 17) 
Cr. is middle C 
A.j is A-uo 


Operation and Use. Since there is 
no data latch, the Music Box tracks the 
data that appears at the parallel output 
port. Connect the common ground and 
eight data lines between the Music Box 
and the output port. To test the system, 
execute an output of the number value 
that corresponds to that note as given in 
Table II. 

The software program you write will 
depend on the music requirements. Ar¬ 
rays can be used to store melody infor¬ 
mation and loops can be used to control 
the length of the note. 

The four-octave range of the circuit 
can be shifted by either halving the 
value of C1 to raise the pitch one octave 
or it can be doubled to lower the pitch 
one octave. 


Other Uses. The three decoded out¬ 
puts from IC1 at pins 15, 16, and 17 can 
be used to trigger a percussive device 
or to latch an external control device. 
These decoded output signals are TTL 
level. If, however, music is not what you 
want, you can use the circuit to provide 
sixteen preadjusted tones for use in 
testing or remote-control applications. 
To obtain all sixteen tones, you must 
add diodes and potentiometers to the 
circuit as shown for the other outputs. O 
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A digital electronic bugle-call generator 
with an audio amplifier for mobile or home use. 


I F YOU have ever seen a Western 
movie, you’re no doubt familiar with 
the bugle call played as the U.S. Cavalry 
charges over the hill to the rescue. This 
project generates that bugle call elec¬ 
tronically. Because digital circuitry es¬ 
tablishes the musical intervals between 
the notes, it will never drift out of tune. 
"Charge!,” as the project is called, can 
be built from readily available, inexpen¬ 
sive TTL logic, 555 timer IC’s, and sili¬ 
con transistors. 

Two versions of the circuit are pre¬ 
sented. One, incorporating a high-power 
output stage, requires a 12-volt dc sup¬ 
ply and is well suited for use as a vehicle 
horn or a cheerleading device at pa¬ 
rades and school sporting events. The 
low-power version, operated from the ac 
line, can be used as an annunciator, 
doorbell, alarm, or simply as an atten- 
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tion-getting conversation piece. Two 
controls allow the user to vary both the 
tempo and pitch of the bugle call. 

About the Circuit. Free running tim¬ 
er IC1 and its associated components 
(Fig. 1) form a tone oscillator whose op¬ 
erating frequency is governed by the 
setting of R2. The oscillator output, a 
square wave with a duty cycle close to 
50%, is frequency divided by factors of 
10, 12, and 15 by IC2, IC3, and IC4, re¬ 
spectively. In this way the three tones 
that form the bugle call melody are gen¬ 
erated. Digital frequency division en¬ 
sures that the intervals between the 
three notes remain constant. However, 
the pitch of the bugle call can be varied 
by adjusting R2. 

Square waves from IC1 are applied to 
the three frequency dividers simultane¬ 


ously. The 7490 functions as a symmet¬ 
rical 4- 10 counter in the following man¬ 
ner. Input signals are routed to the inter¬ 
nal -j- 5 counter (pin 1). The output of this 
counter is connected to the input (pin 
14) of the IC’s +2 counter. Output sig¬ 
nals appearing at pin 12 have a frequen¬ 
cy one-tenth that of the input and a duty 
cycle of 50%. A -M2 counter ( IC3) is 
formed in a similar manner by intercon¬ 
necting the ^-6 and ^-2 counters con¬ 
tained in a 7492 1C. 

A different approach must be taken to 
realize a +15 function because 15 is not 
divisible by two and some other integer. 
In this project, a 74193 presettable up/ 
down counter is used as the ^15 stage. 
This counter 1C has four data inputs 
(pins 15, 1, 10 and 9) and four corre¬ 
sponding outputs (pins 3, 2, 6 and 7). 
The counter outputs can be preset to 
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Fig . 2. Schematic 
diagram of “Charge!” 
Tempo and musical notes 
of the bugle call are 
generated digitally. 


PARTS LIST 


C1 —0.001 -|xF disc ceramic capacitor 
C2, C5—0.1-jiF disc ceramic capacitor 
C3—22-p.F, 16-V electrolytic capacitor 
C4—1-p.F, 16-V electrolytic capacitor 
C6—0.0047-p.F disc ceramic capacitor 
C7—220-p.F, 16-V electrolytic capacitor 
C8—10-p.F, 16-V electrolytic capacitor 
IC1, IC7—NE555 timer 
IC2—SN7490 decade counter 
1C3—SN7492 -M2 counter 
IC4—SN74193 synchronous 4-bit binary up/ 
down counter IC with preset inputs 
IC5, IC9—SN74150 16-line to l-Iine data se¬ 
lector/multiplexer 

IC6, IC8—SN7493 4-bit binary counter 
IC10—SN7402 quadruple 2-input NOR gate 
IC11—LM340 5-volt regulator 
Q1,Q2,Q4,Q5—Silicon npn power tab tran¬ 
sistor (GE D42C3 or equivalent) 

Q3, Q6—Silicon pnp power tab transistor (GE 
D43C3 or equivalent) 

The following are 14-W, 10% carbon resistors: 

R1—4700 ohms 

R3—47,000 ohms 

R4.R6—1000 ohms 

R7—3300 ohms 

R8,R 13—470 ohms 

R9,R11—2200 ohms 

R2—1-megohm linear taper potentiometer 
R5—25,000-ohm linear taper potentiometer 
R10,R12— 100-ohm, 1-W, 10% carbon com¬ 
position resistor 
S1 —Spst 3-ampere switch 
SPKR—8-ohm, 15-W weatherproof horn 
speaker 

Misc.—Printed circuit or perforated board, IC 
sockets, suitable enclosure, control knobs, 
heat sink (if necessary), heat sink paste, 
screw-type terminal strips, machine hard¬ 
ware, hookup wire, solder, etc. 


form a four-bit binary number by apply¬ 
ing four bits to the data inputs and 
grounding the load input (pin 11) mo¬ 
mentarily. When this is done, the four 
bits applied to the inputs appear at the 
outputs. 

After the load input returns to the logic 
one state, the IC can count down if 
pulses are applied to the count down in¬ 


put (pin 4) while the count up input (pin 
5) is at logic one, or count up if pulses 
are applied to the count up input while 
the count down input is at logic one. In 
this application, the 74193 is used as a 
down counter. It is loaded with the bi¬ 
nary number 1111 (15io). and is then 
allowed to count down as pulses are re¬ 
ceived from IC1. When the counter out¬ 


put reaches 0000 (O-jo) and * he count 
down input falls to logic zero, a logic 
zero appears at pin 13, the borrow out¬ 
put of the IC. 

The logic zero at the borrow output in¬ 
dicates that 15 pulses from IC1 have 
been counted by IC3 and that the IC 
must be preset again to 15 for the next 
counting cycle. By connecting all data 
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inputs to the +5-volt supply and the bor¬ 
row output to the load input, the counter 
will automatically preset itself to 15 after 
it has counted down to zero. Square 
waves appearing at the Q output of the 
counter’s D flip-flop (pin 7) are used as 
the output signal from this stage. The 
output of this flip-flop will be at logic one 
for seven pulses from IC1 and at logic 
zero for eight pulses. This results in a 
duty cycle of about 47%, which is rea¬ 
sonably close to 50%. 

A sequential tone selector is formed 
by IC5, a 16-line to 1-line data selector/ 
multiplexer and IC6, a 7493 four-bit bi¬ 
nary counter. Pulses from the beat gen¬ 
erator, which will be discussed later, are 
counted by IC6 over the range OOOO 2 to 
11112- The binary number generated by 
IC6 is applied to the data select inputs of 
IC5. As IC6 counts upward, IC5 sequen¬ 
tially selects signals from frequency di¬ 
viders IC2, IC3, and IC4. The three 
tones produced by the counters appear 
at the data inputs of IC5 in the order in 
which they appear in the bugle call. In 
this way tones are selected and gated in 
proper sequence for application to the 
power amplifier. 

The tempo at which the call is played 
is governed by the beat generator. This 
circuit also establishes the timing rela¬ 
tionships between the notes and rests, 
and supplies a clock signal to counter 
IC6 in the tone selector circuit. The beat 
generator is formed by interconnecting 
IC7, a free-running 555 timer, IC8, a 
7493 four-bit binary counter, and IC9, a 
74150 16-line to 1-line data selector/ 
multiplexer. The oscillating frequency of 
IC7, determined by the setting of poten¬ 
tiometer R5, sets the amount of time al¬ 
lotted to each beat. 

A repetitive beat can be used due to 
the nature of the song. The notes in the 
bugle call are played in pairs. That is, 
one note is played, followed by a short 



Misc.—Hookup wire, small enclosure if 
Fig. 2. Output stage for speaker is mounted remotely, machine hard- 

the low-power version. ware, terminal strip, solder, etc. 


rest, and then the next note is played, 
followed by a longer rest. All notes are of 
the same duration—five beats. The 
short rest separating the two notes form¬ 
ing a pair is one beat long. The longer 
rest separating pairs of notes is five 
beats long. Therefore, a total of 16 beats 
is required by one pair of notes and two 
rests (one short, one long). 

Binary counter IC8 will count 16 
pulses and automatically overflow to 
zero, providing a convenient way to de¬ 
termine the passage of 16 beats. The 
four binary outputs of the counter (pins 
12, 9, 8 and 11) are connected to the 
four data select inputs of multiplexer 
IC9. The data inputs of the multiplexer 
are connected to either +5 volts or 
ground. The first five inputs (zero 
through four, pins four through eight) are 
tied to the -f 5-volt line. An internal NOR 
gate is the multiplexer’s output stage, so 
a logic zero appears at pin 10 (the multi¬ 
plexer output) for the first five beats. 
This allows NOR gates IC10A and 
IC10B to pass an inverted version of the 
output signal at pin 10 of multiplexer in¬ 
tegrated circuit IC5. 


Input five (pin 3) of multiplexer IC9 is 
connected to ground, so a logic one ap¬ 
pears at the multiplexer’s output on the 
sixth beat. This causes the outputs of 
IC10A and ICIOB to remain at logic zero 
regardless of what is applied to the other 
input of each gate. No signals can pass 
to the power amplifier during this inter¬ 
val, resulting in a one-beat rest. Inputs 
six through ten, pins 2,1,23, 22, and 21, 
are connected to +5 volts. When IC9 
selects input six, its output goes low, 
causing two things to happen. Decade 
counter IC6 counts up one pulse, allow¬ 
ing IC5 to select the next note. Also, 
NOR gates IC10A and ICIOB pass sig¬ 
nals from the tone multiplexer to the 
power amplifier. The output of IC9 re¬ 
mains low through the tenth beat. 

The last five inputs, 11 through 15 at 
pins 16 through 20, are connected to 
ground. This causes the output of IC9 to 
go high, disabling the power amplifier. 
By this time, two notes have been 
played and the beat generator counter, 
IC8, has overflowed to 0000 and the 
beat sequence will repeat itself. The se¬ 
quence must be repeated eight times for 


31 * Fig. 3. Auto-cutoff circuit with remote triggering switches. 



AUTOMATIC CUTOFF 
PARTS LIST 

IC12—SN7474 dual D-type edge-triggered 
flip-flop 

Q7—Silicon pnp power tab transistor (GE 
D43C3 or equivalent) 

Q8—2N2222 npn switching transistor 
The following are 10% carbon composition re¬ 
sistors. 

R15—1000 ohms, ViW 
R16—220 ohms, 2 W 
R17—330ohms, '/6W 
SI—Spst 3-A switch (optional) 

Misc.—Normally open momentary-contact 
pushbutton switches (optional), IC socket, 
heat sink, mica washer, heat sink paste, ma¬ 
chine hardware, hookup wire, solder, etc. 
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Fig. 4. Ac supply for low-power “Charge!” 


LOW-POWER LINE-OPERATED 
SUPPLY 
PARTS LIST 

C9—500-^F, 25-V electrolytic capacitor 


D1 through D4—1N4001 silicon rectifier di¬ 
ode 

FI—14-ampere fuse 

S2—Spst 1-ampere switch 

T1 — 12.6-V, 1-A filament transformer 


all the notes to be selected and played. 
When all notes have been played, both 
beat generator counter IC8 and note se¬ 
lector counter IC6 will overflow to 0000, 
and the bugle call will repeat until power 
is removed. An auto start circuit com¬ 
prising IC10C , R7 and C3 ensures that 
IC6 and IC8 start counting at 0000 when 
power is applied. 

Transistors Q1 through 06 and resis¬ 
tors R8 through R13 form the power am¬ 
plifier. The tone selected by IC5 is ap¬ 
plied to one input of IC10B. The output 
of this gate provides base drive for 04 
and is also applied to one input of 
IC10A. Gate IC10A inverts and passes 
the signal to Q1 when the output of IC9 
is low. When the square wave applied to 
IC10B goes low, the output of the gate 
goes high, turning on transistors 04, Q5, 
and 06, which energize the speaker. 
The logic one at ICIOB's output also 
produces a logic zero at the output of 
IC10A, cutting off transistors Q1, Q2, 
and 03. 

When the output of IC10B goes low, 
04, 05 and 06 are cut off, the output of 
IC10A goes high, and Q1, Q2, and Q3 
turn on. Current again flows through the 
speaker, but in the opposite direction. 
The transistors are, of course, turning on 
and off at the audio frequency of the se¬ 
lected tone. This arrangement is consid¬ 
erably more complex than the more 
commonly used switching circuits, but 
provides much more output power. 

The amplifier draws current directly 
from the power source. The TTL inte¬ 
grated circuits, however, require +5 
volts, which is provided by IC11. 

Circuit Options. Your particular ap¬ 
plication might not require the high out¬ 
put power and/or continuous play capa¬ 
bility of the circuit shown in Fig. 1. 
Therefore, a low-power output stage 
(Fig. 2) and an automatic cutoff circuit 
(Fig. 3) are possible options. 

The manual cutoff, high-power circuit 
will start playing the bugle call each time 
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power switch SI is closed. It will contin¬ 
ue to play the call until SI is opened. 
This version of Charge! is suitable for 
use in a vehicle or as a cheerleading de¬ 
vice. However, if the unit is intended for 
indoor use, the low-power output stage 
should be employed. (A line-powered 
supply for the low-power version is 
shown in Fig. 4.) 

If Charge! is to be operated so that it 
plays the tune once after a momentary 
switch (such as a doorbell switch or 
magnetic door switch) closes, the auto¬ 
matic cutoff circuit should be included. 
Either circuit option can be employed 
separately, or both used together. The 
power supply shown in Fig. 4 can 
accommodate the auto cutoff as well as 
the low-power output stage. 

The auto cutoff circuit controls power 
to regulator IC11. A momentary switch 
closure latches the circuit on until the 
bugle call has been played in its entirety. 
If the “A” wiring is used, flip-flop IC12A 
will then toggle and turn off 06. This, in 
turn, cuts off pass transistor Q7. If the 
“B” wiring is used, IC12A will not toggle 
until the bugle call has been played 
twice. Of course, you can install an 
SPDT switch to select either the “A” or 
“B” connection. Similarly, you can con¬ 
nect power switch SI across 07 to pro¬ 
vide a choice of either continuous or au¬ 
tomatic cutoff operation. 

Transistors Q2 through 06 and resis¬ 
tors R9 through R13 are omitted in the 
low-power output stage. Gate IC10A in¬ 
verts the tone square waves at the out¬ 
put of multiplexer IC9 and applies them 
to the base of Of. When the output of 
IC10A is high, Q1 conducts and current 
flows through the speaker. Potentiome¬ 
ter R14 functions as an output level con¬ 
trol. When the output of IC10A is low, 
the transistor is cut off and the speaker 
coil passes no current. Referring to the 
previous description of the high-power 
output stage, it can be seen that the av¬ 
erage current through the speaker is 
doubled by that circuit as compared to 


the low-power stage. This results in a 
four-fold increase in output power. 

If you decide to employ the low-power 
stage, be sure to connect the output of 
multiplexer IC9 to the strobe input of 
multiplexer IC5. When the strobe input is 
high, the multiplexer output remains 
high no matter what logic levels appear 
at the data and data select inputs. A log¬ 
ic zero at the strobe input of IC5 allows 
the chip to pass signals (in inverted 
form) from the selected input to the out¬ 
put. All other connections remain the 
same whether the high- or low-power 
output circuit is used. 

Construction. Printed circuit, point- 
to-point, or Wire Wrap assembly tech¬ 
niques can be used. Parts placement is 
not critical. Wire Wrap sockets should 
be used with the IC’s if this method of 
duplicating the circuit is chosen. Wire no 
smaller than No. 24 should be used for 
all power supply and output stage con¬ 
nections. All ground connections should 
be made to one common point. 

If Charge! is housed in a metallic utility 
box, IC11 should be mounted on the en¬ 
closure with thermal coupling through 
heat sink paste. The utility box will then 
be connected to the circuit common or 
ground. If desired, a small heat sink 
approximately 1" x 1" (2.5 x 2.5 cm) with 
W (1.3-cm) fins can be used with IC11. 
A heat sink is a necessity if the project is 
housed in a nonmetallic enclosure. 

Power switch SI, pitch control R2, 
and tempo potentiometer R5 can be 
mounted at convenient spots on the en¬ 
closure. The power switch must be able 
to handle at least 3 amperes dc at 12 
volts. If the automatic cutoff circuit is 
used, the momentary contact switches 
should be rated for 50 mA, and, if pre¬ 
ferred, SI can be eliminated. 

For automotive applications, tap +12 
volts at a convenient point and route it to 
the project’s power input. (Screw-type 
terminal strips mounted on the project 
enclosure simplify connections.) If the 
circuit is housed in a metallic enclosure, 
bolting it to the vehicle chassis will fur¬ 
nish a ground return. When connecting 
a speaker to the audio output, note that 
both sides of the speaker coil are float¬ 
ing. It’s important, therefore, not to let 
one side of the speaker become inad¬ 
vertently grounded. Mount the speaker, 
which should be a horn-type transducer 
for outdoor use, in or on the vehicle at a 
suitable location. The box housing the 
circuitry should be installed so that the 
power switch, tempo and pitch controls 
can be easily reached. O 
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BY CLEMENTS. PEPPER 



T HERE ARE an ever-increasing 
number and variety of low-cost deci¬ 
mal and hexidecimal keypads available 
to the electronics experimenter. To suc¬ 
cessfully use these keypads, one must 
observe certain criteria to be sure mutu¬ 
ally compatible signals are available. 
You cannot just connect any keypad to 
any circuit and expect the system to op¬ 
erate properly. Either the keypad select¬ 
ed must be specifically designed for the 
digital circuit it is to drive, or the digital 
circuit must be designed to suit the spe¬ 
cific keypad. 

One major problem with keypads (and 
most other mechanical switches) is that 
they are not ideal switches. Instead of 
producing a single pulse when they are 
opened and closed, they produce a 
"train" of brief pulses as they mechani¬ 
cally settle. In ordinary switching ap¬ 
plications, this "bouncing” is not a prob¬ 
lem. But when switches are used with 
high-speed electronic counters, each 
pulse within a train (Fig. 1) can appear 
as a separate toggle signal, resulting in 
false counting. 

Most keypads are decimal (0 to 9), 
while many electronic circuits require a 


binary-coded-decimal (BCD) input. 
Hence, a decimal-to-binary decoding 
system to make the conversion is re¬ 
quired. Too, many counting circuits also 
require a “start" or “sync" signal to “tell" 
them when a key has been depressed. 
Therefore, some kind of key-closure 
sensing system must be used. 


Debouncing. A basic debouncing cir¬ 
cuit for a switch is shown in Fig. 2, 
accompanied by its truth table. The cir¬ 
cuit consists of an AND and an OR gate. 
When the switch is closed, input A goes 
low and forces the output of the AND 
gate low. This low signal is connected to 
the C input of the OR gate and is addi¬ 
tionally used to toggle the bounce-inhibit 
monostable multivibrator. In response to 
the low at its input, the multivibrator 
sends a low signal to the D input of the 
OR gate for a period of time determined 
by the monostable time constant. Since 
both inputs to the OR gate are low, the 
output of the gate also goes low. 

The switch can now be released, 
causing the A input to go high, due to the 
pull-up resistor. With the low output of 
the OR gate connected to the B input, 
the output of the AND gate remains low. 
The circuit will remain in this state until 
the monostable time constant times out 
and sends a high signal to the D input of 
the OR gate. 

As explained above, the very first clo¬ 
sure of the switch causes the circuit to 
operate but locks out any subsequent 
bounce-produced signals. The only 
thing to keep in mind is that the bounce- 
inhibit monostable time constant must 
produce an output slightly longer than 
any expected bounce interval. 

The circuit shown in Fig. 3 illustrates 
the use of the debounce circuit with a 
BCD coding scheme. A function truth ta¬ 
ble is also shown. You may be surprised 
to see a hexidecimal table for a 10-key 
array. If you wish to obtain a hex A (10), 


How to interface these important 
mechanical devices with digital circuits. 
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Fig. 1. Pulse train resulting 
from switch contact bounce. 

Sweep time is 50 ps/div. 

both the 8 and 2 keys must be pressed 
simultaneously. Similarly, a hex F (15) 
requires simultaneous operation of the 8 
and 7 keys. If you plan to use a hex key¬ 
pad, use the same AND-OR gate logic 
for all 16 switches and substitute the cir¬ 
cuit shown in Fig. 4. 



f INHIBIT 
•TIME 

l CONSTANT 


Fig. 2. Switch 
debounce circuit 
is formed from 
AND-OR gate logic. 


SWITCH CIRCUIT LOGIC 


[state 

A B C D 

0 

1111 Switch open 

1 

0 10 1 Switch closure 

2 

0 0 0 0 Debouncer response 

3 

1 0 0 0 Switch bounce 

0 

1111 Switch open. Debounce reset 
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Fig. 4. Decoding logic for a hexidecimal keypad. 
This circuit is an addition to that in Fig. 3. 



Fig. 5. Function diagram for 
a controlled-pulse generator. 


Referring back to Fig. 3, when all 
keyswitches are open, their associated 
AND gate ( IC1 through IC3) inputs are 
high. Hence, the outputs of the four en¬ 
coding NAND gates (IC7 through IC9) 
are low. Closing any keyswitch except 0 
forces at least one of the NAND gate in¬ 
puts high. 

The bounce-inhibit circuit uses a 4- 
input NOR gate (IC10A) to trigger 
bounce-inhibit monostable multivibrator 
IC11. When any of the four NOR gate 
inputs go high (any key closed), the 
output of the NOR gate goes low and 
triggers the multivibrator. The multivibra¬ 
tor, in turn, sends a low signal to the OR 
gate associated with each key. This im¬ 
plements the debounce function. For the 
RC values given in Fig. 3, the debounce 
period is about 700 ms. For the 74121 
monostable multivibrator, the timing 
equation is T = 0.69RC, with R kept at a 
value of less than 40,000 ohms. 

The circuit remains in the debounce 
condition and ignores any switch 
bounce until the monostable multivibra¬ 
tor times out. When this occurs, the cir¬ 
cuit resets back to where another key 
can be operated. Note in Fig. 3 that the 
multivibrator also produces a “sync” sig¬ 
nal in exact time step with the input 
pulse. This is for use with an external 
counting or other enabling circuit. 

The 0 key requires a different ap¬ 
proach from that discussed. Although it 
has the same debounce circuit as the 
other keys, when the 0 key is closed, a 
separate input trigger, B, on the multivi¬ 
brator is used. 

Controlled Pulse Generator. One 

use for a debounced and BCD-coded 
keypad is as a controlled pulse genera¬ 
tor that delivers a number of output 
pulses determined by the decimal num¬ 
ber inserted via the keypad. The basic 
logic for this circuit is shown in Fig. 5. 

Pressing any key on the keypad in the 
Fig. 5 circuit sends a sync pulse to an 
enabling latch and the BCD-coded sig¬ 
nal to the inputs of a binary down count¬ 
er. The latch signal enables the count¬ 
er’s preset input and a controlled-pulse 
generator. The pulse generator is de¬ 
signed so that both pulse width and 
pulse period can be controlled. Each 
time a pulse appears at the ouput, the 
binary down counter is decremented by 
one. When the counter reaches zero, it 
resets the latch and stops the operation. 

The actual circuit, shown in Fig. 6, is 
straightforward. The IC1A/IC1B latch is 
made from conventional TTL NAND 
gates, with RC coupling at the inputs to 
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allow rapid action—in fact, a complete 
pulse train can be generated within the 
width of the sync pulse. Without RC cou¬ 
pling, the latch would be locked for the 
duration of the sync time. A transient in¬ 
put is a must to avoid lockout. The IC3 
down counter has its load enable input 
RC coupled to the sync input. This input 
requires a transient input to operate. 

The controlled-pulse generator (IC2) 
is made up of both halves of a 74123 
dual monostable multivibrator. The RC 
timing of IC2A sets the pulse period. The 
Q output at pin 13 is connected to NAND 
gate IC1D , with the second input of this 
gate connected to the latch. With the 
latch reset, the NAND gate is locked and 
its output remains in the high state, re¬ 
gardless of what the multivibrator is do¬ 
ing. In reality, IC2A is not doing any¬ 
thing, since its A input trigger at pin 1 is 
also enabled by the latch. 

The first cycle of the operation is ini¬ 
tiated when the latch is set. This causes 
a high-to-low transition at the A input. 
When the multivibrator triggers, the Q 
output at pin 4 goes low. When the multi¬ 
vibrator times out, the low-to-high transi¬ 
tion at the Q output retriggers the multi¬ 
vibrator. Because the transition is so 
fast, the multivibrator appears to be con¬ 



Fig. 7. Scope trace (A) shows 
switch bounce, while (B) shows 
four pulses initiated by switch 
closure. Sweep time is 50 ps/div, 



Fig. 8. Nine pulses generated by 
key switch closure (50 ms/div): 
(A) key closure; (B) sync; (C) 
outputs of 74123; (D) output QA; 
(E) output QB; (F) output QC; 

(G) output QD; all of IC3; and 

(H) latch input to IC1D. 


tinuously in the triggered state. 

The output of gate IC1D decrements 
the IC3 counter and triggers the second 
monostable multivibrator ( IC2B). The 
timing of this circuit controls the width of 
the pulse. 

The only limitation on the frequency 
and width of the keyed pulses are those 
determined by the multivibrators. Very 
long and very short pulses over almost 
any range can be generated once the 
counter is preset. The keypad plays no 
role in this part of the operation. 

The oscilloscope waveforms for the 
Fig. 6 circuit are shown in Fig. 7. The up¬ 
per trace shows switch contact bounce, 
while the lower trace shows four pulses 
initiated by the first switch closure. Note 
the immunity to switch noise and the fast 
response possible. The traces in Fig. 8 
show the timing of those functions that 
will be helpful in understanding the oper¬ 
ation of the circuit. 

Combination Lock. The logic for a 
four-digit combination lock that can be 
operated only by someone who knows 
the code is shown in Fig. 9. This circuit 
can easily be expanded so that several 
functions can be derived from a single 
keypad. Appropriate interfacing must be 
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2-STAGE 

BINARY 

COUNTER 


FROM 

KEYPAD 


(SYNC-J 




BINARY 

TO 


decimal 


DECODER 




j RESET 


STEERING 

LOGIC 


V 


ENABLING 

LATCHES 


SEQUENCE 

DETECTION 


LATCHED 

"“OUTPUT 


MULTIPLE CODES FROM A SINGLE KEYPAD CAN BE 

, EMPLOYED BY DUPLICATING THIS PORTION OF 
* THE CIRCUITRY FOR EACH CONTROLLED ^FUNCTION_j 


Fig. 9. Four-digit combination lock that works 
with only one selected set of input digits. 



Fig. 10. Four-digit lock with combination 1365. Keyed code 
must match jumpered connections to operate lock. 
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TAPE MEASURE 



Stereo Review 's 

1981 TAPE RECORDING 
& RUYING GUIDE 

Don’t shop for tape 
equipment before 
you know how it 
measures up. 

If you're thinking of new tape equipment, 
from buying a first cassette deck to adding 
state-of-the-art metal-tape capability, you 
owe it to yourself to look through the 1981 
Tape Recording 8«. Buying Guide first. 

Here are all the facts you need. 

Think of it as a 134-page "tape measure" 
to judge the basics of equipment before you 
shop. Instead of leafing through a whole 
shopping bag of brochures, just get this one- 
volume reference, which not only has all the 
facts (including prices), but is easy to use for 
comparisons. 

Includes a complete directory of audio 
and video tape machines, accessories, 
and tapes. 

A special 84-page section gives you 
facts, specs, and prices on cassette, open- 
reel. and 8-track tape machines...video 
cassette recorders... car stereo equipment, 
including boosters and equalizers... 
headphones and microphones... mixers and 
signal processors... even blank tape and 
accessories. 

PLUS: 

• A buyers guide to cassette decks showing you 
how to get the best for your money and system 
step-by-step. 

• Test reports on 8 new decks, both cassette and 
open-reel. 

• Video cassette recorders : facts, formats, and the 
future. 

• 6 feature articles and directories, to bring you up 
to date on tape recording today. 


Use this coupon to get your copy. 


Tape Recording & Buying Guide. Dept 01450 
P.a Box 278, Pratt Station 
Brooklyn. NY 11205 

Please send the 1981 Tape Recording & Buying 
Guide. Enclosed is $3.50* ($2.95 plus 55c 
postage and handling). Outside USA $5.00. 


Print Name- 

Address_ 

City- 

State/Zip- 

•Residents of CA. CO. DC. FL. IL. MA. 
Ml. MO. NY STATE. UT. and VT add 
applicable sales tax. 
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LED OR 

INCANDESCENT 

READOUT 


Fig . 11. Latched output for a keypad. 
Display is on a 7-segment LED readout. 


added between the circuit and any ex¬ 
ternal devices to be controlled. The ac¬ 
tual circuit for the combination lock is 
shown in Fig. 10. 

Operation of the lock begins with the 
reset mode. This is necessary because 
the reset can be initiated at any time in 
the event an incorrect digit is keyed. The 
output of a two-stage counter is decod¬ 
ed in the steering logic, and the BCD 
signals from the keypad are integrated 
into the counter’s decoding logic so that 
a specific digit only can be passed 
through the enabling latches if both sig¬ 
nals are coincident. It is mandatory that 
the four latches be set in the proper se¬ 
quence (W,X,Y,Z) because any other 
combination will be defeated in the se¬ 
quence detector. 

A function table for the lock is given in 
Fig. 10. The 0 on the DEC IN line is the 
reset mode. The outputs of FF1 and FF2 
assume a 0101 state. The FF1 and FF2 
blocks are clocked flip-flops, with the 
clocking occurring on the trailing edge of 
the input pulse. The outputs of the key¬ 
pad are fed to /C4, the outputs of which 
are selected to form the inputs to the as¬ 
sociated NOR gates. 

If the correct first digit is keyed in, line 
W goes to the high state,setting IC5A/ 
IC5B. Both inputs to NOR gate IC7A 
are now low, setting the D input to FF3 
( IC8A ) to high. 

The sync pulse from the keypad has 
once more clocked the counter. If the 
second digit is correctly keyed in, line X 
goes high and sets the IC5C/IC5D latch. 
This clocks a low to one input of 
(IC7B). Once again, the keypad is oper¬ 
ated with the correct digit to cause the 
associated latch to operate and placing 
a high on the Y line. This puts a low on 


the second input of IC7B. This sets the 
D input of IC8B to high. 

The keypad is operated one more 
time with the final correct digit to set the 
Z line high. The Z latch clocks IC8B to 
change its output status. Either of the 
IC8B outputs can be used to interface to 
an external circuit. 

If any of the four latches is set out of 
sequence, the clocking of IC8A and 
IC8B will be disrupted. The circuit is re¬ 
set by operating the reset switch. 

Although the Fig. 10 circuit shows the 
use of a 1-to-10 decoder for the keypad 
input, a 1 -of-16 decoder can be used for 
a hexidecimal input. 

Switch Latch & Display. One dif¬ 
ficulty with a keypad is that it is momen¬ 
tary. Once a key has been released, the 
action ceases. The addition of a quad 
latch, as shown in Fig. 11, will hold the 
switch outputs as long as dc power is 
applied. The IC1 quad latch is used to 
drive BCD-to-7-segment decoder/driver 
IC2 and a common-anode 7-segment 
LED display. This combination holds the 
last key depression and also produces a 
visible display of the digit depressed. 

In Conclusion. In this article, we have 
described the major problems encoun¬ 
tered when using mechanical 
switches—specifically keypad arrays— 
with digital circuits. We have offered 
some examples of how to deal with the 
problems and given hints on interfacing 
keypads with the electronic circuits. It is 
suggested that for further study and un¬ 
derstanding of the material presented 
here you breadboard the circuits pre¬ 
sented and do some experimenting on 
your own. O 
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By Walter Sikonowiz 


BUILD A 



Digital 

Phototachonv* 


Low-cost unit 
measures 
rotational speeds 
by optical 
coupling. 


M OST ANALOG and digital tachom¬ 
eters require a mechanical or elec¬ 
trical interface with a rotating shaft. By 
contrast, this project, a digital photota¬ 
chometer, measures rpm by optical 
means. It features a two-digit LED read¬ 
out to display rotational speeds from 100 
to 9900 rpm and a time base derived 
from the 60-Hz ac line, obviating the 
need for calibration adjustments. 

Stability of the time base is good 
enough so that tach readings are accu¬ 
rate to the usual ±1-count uncertainty 
in the least significant digit. Modifica¬ 
tions of the counting circuitry or sensing 
system can extend the measuring range 
one decade above 9900 or below 100 
rpm, respectively. Total project cost is 
about $30. 


Optical Sensing. As its name im¬ 
plies, the photo tach measures rpm by 


1981 EDITION 


91 
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.LIGHT 
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-TO COUNTER 
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Fig. 1. Transmissive (A) or 
reflective (B) mode can be used 
to chop light for photosensor. 


optical interaction with a rotating device. 
Measurements can be made by either of 
two basic means, which we’ll call the 
transmissive and reflective modes. In 
the transmissive mode, the rotating de¬ 
vice momentarily interrupts the optical 
path between a light source and a pho¬ 
tosensor (Fig. 1A). This mode has limit¬ 
ed usefulness. Although it’s ideal for 
measuring the rotational speed of a fan 
or similar device, there are many situa¬ 
tions in which it cannot be used. The 
transmissive mode requires a light chop¬ 
per such as fan blades or a notched disc 
mounted on the motor shaft. If there isn’t 
room enough to accommodate the 
chopper, this mode is impracticable. 

The reflective mode is illustrated in 
Fig. 1B. A small strip of reflective tape is 
mounted on the motor shaft. If neces¬ 
sary, contrast can be increased by dark¬ 
ening the shaft background with black 
paint or tape. The light source and photo 
sensor are arranged so that light is re¬ 
flected from the foil and toward the sen¬ 
sor as the shaft rotates. 

About the Circuit. The schematic 
diagram of the phototach i? shown in 
Fig. 2. Phototransistor Ql, the optical 
sensor, is connected to the rest of the 
project by a short length of shielded ca¬ 
ble terminated with PI, an RCA phono 
plug. When Ql is illuminated by a 
chopped light beam, it alternately turns 
on and off. The resulting waveform at 
the collector of Ql, which approximates 
a square wave when the light beam is 
sharply chopped, is coupled by Cl to 
IC1, a comparator used as a Schmitt 
trigger. Feedback provided by R6 estab¬ 
lishes the hysteresis that is characteris¬ 
tic of Schmitt trigger behavior. 


Resistors R2 through R5 are close- 
tolerance components that maintain 
nearly equal biasing on the inverting and 
noninverting inputs of IC1. The output of 
the Schmitt trigger is a square wave 
compatible with the TTL integrated cir¬ 
cuits forming a two-decade frequency 
counter. 

Output pulses from IC1 are gated by 
flip-flop IC2. The control signal for IC2 is 
the time-base waveform, which is gener¬ 
ated from the 60-Hz line in the following 
manner. Transformer T1 and diodes D2 
and D3 form a full-wave rectifier which 
develops a 120-Hz output. Diode D4 iso¬ 
lates the cathodes of D2 and D3 from fil¬ 
ter capacitor C5. The full-wave rectified 
sinusoid at the cathodes of the rectifier 
diodes is coupled to the base of Q2 by 
R11. 

This transistor saturates so easily that 
it converts the input waveform into a 
square wave appearing at its collector. 
The 120-Hz square wave is applied to 
IC6 , a TTL -M 2 counter. Output signals 
from IC6 are applied to IC7, another 
-M2 counter. The net result is a square 
wave with a 50% duty cycle and a 1.2- 
second period. This is the time base that 
controls the gating and counter IC’s. 

Flip-flop IC2 performs the gating func¬ 
tion in a synchronous manner so that no 
spurious pulses reach the counters as a 
result of the gating process itself. The K 
input of the flip-flop is permanently 
grounded. Its J input is driven by the 
time-base signal, and output pulses 
from Schmitt trigger IC1 are applied to 
the clock input. During the 0.6-second 
interval when the time base is at logic 1, 
pulses from IC1 are gated to counter 
IC3. When the time base returns to logic 
0, no more pulses are passed to the 
counter circuit. 

The two-decade counter and readout 
comprises IC3, IC4, and LED displays 
DIS1 and DIS2. TTL 74143 counter 
chips are employed in this project. They 
contain BCD decade counters, latches, 
and decoder/drivers. Current limiting is 
built in, so that the chips can be directly 
connected to the DL-747 common- 
anode displays. 

Counter IC4 counts the overflow 
pulses of IC3. The negative transition of 
the time-base waveform, which appears 
at the end of the 0.6-second counting in¬ 
terval, triggers one half of IC8, a 74123 
dual monostable multivibrator. A nega¬ 
tive-going, 100-microsecond wide pulse 
appears at pin 12 of IC8. This strobe 
pulse causes the transfer of data from 
the counter outputs into the latches. 
When pin 12 of IC8 returns to logic 1, the 


second one-shot in IC8 is triggered. A 
second negative-going pulse is generat¬ 
ed, this time at pin 4 of IC8, which clears 
counters IC3 and IC4. When the time 
base returns to logic 1, pulses are gated 
to the counter to repeat the process. 

If more than 99 pulses are applied to 
IC3 and IC4 during the counting interval, 
the BCD outputs of both counters return 
to 0000 and IC5 catches the overflow 
pulse from IC4 in the following manner. 
Assume that the clear pulse has just ap¬ 
peared. This pulse not only clears the 
counters, but resets one half of IC5, a 
7474 dual D flip-flop, so that the 
Q output (pin 5) is at logic 0. When the 
time base returns to logic 1, IC3 and IC4 
begin to count. If more than 99 pulses 
are received, a positive transition occurs 
at pin 22 of IC4. This pulse is applied to 
the clock input of the first D flip-flop, 
causing the Q output to go to logic one. 

The strobe pulse at pin 12 of IC8 
clocks the second flip-flop in IC5 after 
the counting interval is over. This flip- 
flop’s D input is connected to the Q out¬ 
put of the other flip-flop in the IC5 pack¬ 
age. If the Q output (pin 5) is at logic one 
when the strobe pulse appears at the 
second flip-flop’s clock input, a logic JD 
appears at pin 8, the second flip-flop’s Q 
output. This causes the decimal points 
on both displays to glow, indicating the 
overflow condition. The clear pulse then 
resets the first flip-flop, but the overflow 
information remains safely stored in the 
second flip-flop. 

The power supply furnishes both a 
regulated dc voltage and, as mentioned 
earlier, a full-wave rectified sinusoid 
which is converted into the time-base 
waveform. Transformer T1 and diodes 
D2 and D3 form a full-wave rectifier 
whose output is applied to switching 
transistor Q2 and to filter capacitor C5. 
Diode D4 isolates the signal driving the 
base of Q2 from the filtering effect of C5. 
The stable +5 volts dc required by the 
TTL integrated circuits is provided by 
regulator IC9. Capacitors C6 through C9 
shunt any noise on the + 5-volt line to 
ground, and improve the 1C regulator’s 
transient response. 

Construction of the photo tach is 
straightforward because circuit layout is 
not critical. Suitable pc etching and drill¬ 
ing and parts placement guides are 
shown in Fig. 3. Molex Soldercons or 
sockets can be used with the 1C pack¬ 
ages. Be sure to observe pin basing and 
polarity of all semiconductors and elec¬ 
trolytic capacitors. Mount regulator IC9 
on the project’s metallic enclosure for 
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Fig. 2. Schematic diagram shows how pulses from sensor Ql are 
squared up by IC1, gated by IC2, and counted by IC3 and IC4. 


PARTS LIST 


heat sinking. Spread a thin layer of sili¬ 
cone heat-sink compound on the bottom 
of the TO-3 can before mounting it. This 
will ensure a good thermal bond be¬ 
tween the 1C and the enclosure. 

The seven-segment displays should 
be mounted on a small piece of perforat¬ 
ed board installed upright inside the en¬ 
closure. Interconnect the displays and 
integrated circuits with short lengths of 
hookup wire. Insulated hookup wire 
should also be used for the eight jump¬ 
ers on the pc board. The power trans¬ 
former, switch, and phono jack fusehold- 
er for FI are mounted off the board. A 
probe assembly must be fabricated to 
house transistor Ql. The plastic barrel 
of a spent ballpoint pen provides a good 
basis for the probe. Discard the point 
and exhausted ink tube. Then prepare 
the phototransistor by clipping its base 
lead (see Fig. 4). Remove 1" (2.54 cm) 
of the vinyl jacket from one end of a suit¬ 
able length of RG-174-U or RG-58-U 
coaxial cable. Comb out the braid and 


Cl — 1 -|xF Mylar capacitor 
C2—1000-pF polystyrene 
C3, C4—0.033-p.F Mylar 
C5—2000-p.F, 35-volt electrolytic 
C6—100-p.F, 16-volt electrolytic 
C7, C8, C9, CIO—0.1-pF disc ceramic 
D1 — 1N914 signal diode 
D2, D3, D4—1N4002 rectifier diode 
DISI, DIS2—DL-747 common-anode, seven- 
segment LED display 
FI—14-ampere fuse 
IC1—LM311 comparator 
IC2—7470 J-K flip-flop 
IC3, IC4—74143 decade counter/decoder/dis¬ 
play driver 

IC5—7474 dual-D flip-flop 

IC6, IC7—7492 -H 2 counter 

IC8—74123 dual monostable multivibrator 

IC9—LM309K 5-volt regulator 

J1—RCA phono jack 

PI—RCA phono plug 

Ql—FPT-l 10 phototransistor (Fairchild) 

Q2—2N3904 npn silicon transistor 

The following are 14-watt, carbon composition 


resistors with 10% tolerance unless specified 
otherwise: 

R1—5600 ohms 

R2 through R5—270,000 ohms, 5% 

R6—1.2 megohms 

R7—1000 ohms 

R9, R10—470 ohms 

R8, R13, R14—10,000ohms 

R11—15,000 ohms 

R12—2200 ohms 

SI—Spst switch 

T1 — 16-volt center-tapped, 1-ampere trans¬ 
former (Signal No. 241-5-16) 

Misc.—Suitable enclosure, printed circuit 
board, hookup wire, RG-174-U or RG-58-U 
coaxial cable, solder, machine hardware, 
display bezel, etc. 

Note—Phototransistor Ql is available (No. 
22A21011-6) for $1.50 from Burstein- 
Applebee, 3199 Mcrcicr, Kansas City, MO 
64111. Decade counter/decoder/display 
drivers IC3 and IC4 are available for $2.95 
(each IC), from James Electronics, 1355 
Shoreway Rd., Belmont, CA 94002. Trans¬ 
former T1 is available from Signal Trans¬ 
former Co., 500 Bayview Avenue, Inwood, 
NY 11696 for $7.60. Postage and sales tax 
(if applicable) extra. 
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twist the strands together. Expose 14" 
(6.3 mm) of the inner conductor. Tin the 
inner conductor and braid with a small 
amount of solder. 

Feed the coax through the pen barrel 
until the prepared leads extend through 
the other end. Then attach the inner 
conductor to the collector of the photo¬ 
transistor and the braid to the emitter. 
Pull the coax so that the phototransistor 
retracts into the barrel, stopping when 
the light-sensitive surface of Q1 is re¬ 
cessed about 1" (2.54 cm). Cement or 
otherwise secure the phototransistor in 
place, and apply silicone glue where the 
coax leaves the barrel. Finally, terminate 


the free end of the cable with an RCA 
phono plug. 

Checkout. No calibration of the photo 
tach is necessary. With PI (the phono 
plug at the end of the probe cable) re¬ 
moved from J1 , apply power to the pho¬ 
to tach. Two digits may flash on, but will 
disappear in about a second. No input 
pulses are being received, and the out¬ 
puts of the counters are 0000. Automatic 
ripple-blanking is built in to the 1C count¬ 
ers, so the readouts are darkened and 
do not display “00.” 

Apply a 60-Hz, 2-volt p-p sine wave to 
J1 . Use either a signal generator or the 


Fig. 3. Full-size etching 
and drilling guide for pc 
board is shown above with 
parts placement guide at left. 


circuit shown in Fig. 5 as a test source. If 
the project is functioning properly, “36” 
will be displayed by the LED readouts. 
This corresponds to an input of 60 Hz or 
3600 rpm. 

The operation of the overflow indica¬ 
tor can be verified by either applying a 2- 
volt p-p sine wave at a frequency of 167 
Hz or more, or by optically coupling the 
probe to an object rotating at 10,000 or 
more rpm. Both display decimal points 
will glow, indicating an overflow. 

Extending the Range. The photo 
tach can be modified to measure rota¬ 
tional speeds greater than 9900 rpm by 
inserting another decade of counting 
and display between IC3 and IC4. Sever 
the following connections: pin 22 of IC3 
to pin 2 of IC4 and pin 4 of IC3 to pin 6 of 
IC4. Pins 2 and 6 of the additional dec¬ 
ade counter should be connected to pins 
22 and 4 of IC3 , respectively. Also, pins 
22 and 4 of the additional decade coun¬ 
ter should be connected to pins 2 and 6 
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Fig. 4. To make probe, phototransistor is mounted in an 
old pen barrel and connected to a coaxial cable. 



Fig. 5. Schematic diagram of a 
suitable test source to verify 
proper circuit operation. 

of /C4, respectively. Of course, the new 
counter must be a 74143 1C, and it 
should be connected to an additional 
DL-747 display and to the positive sup¬ 
ply and ground in the same manner as 
IC3 and IC4. When this modification has 
been made, IC3' s count will represent 
hundreds of rpm, the newly installed 
counter thousands of rpm, and IC4 tens 
of thousands. The project's power sup¬ 
ply has enough reserve to handle the 
extra components' demand without any 
strain. 

It is also possible to obtain resolution 
smaller than hundreds of rpm. If ten light 
pulses occur during each shaft resolu¬ 
tion, the bit significance of each decade 
of the display is reduced by a factor of 
ten. Let’s consider a specific example. 


To measure the speed of a slowly turn¬ 
ing power drill, a circular disc of metal or 
plastic should be formed. Ten slots 
should be punched out at equal intervals 
along the perimeter and a hole drilled 
through the center of the disc. Then 
pass a bolt through the center hole, se¬ 
cure with a nut, and install the entire as¬ 
sembly in the drill’s chuck. The rotational 
speed will then be measured using the 
transmissive mode and displayed in 
hundreds and tens of rpm. The addition 
of another decade of counting and dis¬ 
play, as described earlier, can be com¬ 
bined with this multiple triggering tech¬ 
nique to display thousands, hundreds, 
and tens of rpm. 

Using the Tach. The optical mode 
used in a given situation will depend 
largely on practical considerations. In 
any event, avoid using fluorescent bulbs 
as light sources because they are strong 
electrical noise generators. Ordinary 75- 
or 100 -watt frosted incandescent lamps 
are well suited for use with the photo 
tach, as is sunlight. Just remember, 
however, that if you’re checking the 
speed of a four-blade fan, the actual rate 
of rotation is one-fourth of what is dis¬ 
played by the readouts. O 


Photo of 
author’s 
prototype 
shows layout 
of components 
in chassis. 
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New compact 24-piece kit of electronic tools 
for engineers, scientists, technicians, 
students, executives. Includes 7 sizes 
screwdrivers, adjustable wrench, 2 pair 
pliers, wire stripper, knife, alignment tool, 
stainless rule, hex-key set. scissors, 2 flex¬ 
ible files, burnisher, miniature soldering 
iron, solder aid, coil of solder and desolder¬ 
ing braid. Highest quality padded zipper 
case. 6 x 9 x 1 3 /t” inside. Satisfaction 
guaranteed. Send check, company purchase 
order or charge Visa or Mastercharge. We 
pay the shipping charges. 
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on your own computer! 


You Learn How To: 

•Design & code micro¬ 
processor software 

•Use logic & Bit 
Manipulation Techniques 

•Enter & execute programs 
on your own computer 

•Understand Microprocessor 
Architecture & Support 
Chips 

•Control Programmable 
Input/Output Ports 

•implement Real-Time Interrupt Handling A Data Transfer 

•Design your own microcomputer 

You Will Receive: 

■ A fully tested and assembled 8085A Microcomputer with IK RAM. IK 
EPROM and IK PROM Memory. Programmable I/O Keyboard Unit. CPU 
Card. Display and Operating System 44 pm edge connector can be 
configured to any bus structure, area on CPU Card for Custom wire- 
wrap design or user defined interface circuitry, completely expandable 

■ Complete Step-by-Step Instruction Manual 

■ Complete Users Manual with programs included 

■ 352 page 6085A Cookbook takes you from basic micioprocessor 
concepts to actual design of an 8085A Microcomputer 

■ 344 page 8080/8085 Software Design Book 1 with over 190 executable 
program examples plus detailed examination of all 244 Instructions 
and typical assembly language program tor the 6060/8085 
Microprocessor 

Satisfaction Guaranteed. It not completely satisfied you may return 
the product within 30 days tor a full refund 
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NEW, PRACTICAL 
OP AMP CIRCUITS 

BY SOLD. PRENSKY 

including a differential 
pc board tester 


A S WE WILL learn from the two very 
useful circuit applications described 
here, the operational amplifier (or op 
amp) can be used in strikingly different 
ways. 

In-Circuit Current Testing. Since 
an op amp is basically a differential am¬ 
plifier, it can be used in a unique meter¬ 
ing circuit to determine the presence of 
current flow in a conductor—and 
approximately the amount of cur¬ 


rent—whether or not the conductor is a 
copper wire or a pc foil trace. This can 
be done without breaking the conductor. 

Such a metering device can come in 
handy if you have a crowded pc board 
and you suspect one of the active ele¬ 
ments (transistor, diode, or 1C) is not 
working. Instead of risking pc board 
damage due to the heat required to re¬ 
move the suspect semiconductor, or 
having to cut a trace to insert a meter, all 
you have to do is press a couple of 


sharp probe tips to the copper trace at 
(for example) the supply bus, and see if 
that particular element is drawing cur¬ 
rent, and if the magnitude of the current 
is within specifications. 

The circuit for the current tester is 
shown in Fig. 1 in two forms—depend¬ 
ing on whether you want to use a low- 
level (1-volt) dc voltmeter or a current 
meter as the readout. 

Operation is based on the fact that at 
room temperatures, all conductors have 


Fig. L Op amp in (A) measures 
slight voltage differential 
between two probes, amplifies 
it, and drives dc voltmeter. 
Addition of another op am p 
in (B) permits driving ammeter. 
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Fig. 2. Phototransistor and op amp unite to form light-sensitive 
relay driver that can he activated by a flashlight across the room. 


some resistance (albeit small) and, 
when current flows through the conduc¬ 
tor, there is a slight voltage drop be¬ 
tween any two points along the conduc¬ 
tor. Typically, such voltage drops are in 
the microvolt range; but with a voltage 
amplifier having a gain of 1000 or more, 
the minute voltage can be brought up to 
a reasonably measurable value. 

The basic circuit shown in Fig. 1A 
uses an 8-pin mini DIP 741 with a dc 
voltmeter. This circuit takes advantage 
of the high common-mode rejection ratio 
(CMRR) of the op amp to reject any 
noise pickup voltages that are common 
to both input terminals. To keep the val¬ 
ue of feedback resistor R6 to a reason¬ 
able value, the output of the op amp (pin 
6) drives the combination of R4 and R5 
with the feedback taken from the junc¬ 
tion of these two resistors. This voltage 
divider action in the feedback voltage 
multiplies the conventional gain (1 + 
R6/R1) by the voltage divider ratio (R4 
+ R5)/R5 to produce a theoretical volt¬ 
age gain of approximately 1400 times 
5.5 or 7700. 

Since any residual offset voltage gen¬ 
erated within the op amp is also multi¬ 
plied by this factor, two offset (coarse 
and fine) potentiometers (R7 and R8) 
are provided to trim the offset close to 
zero with the input probes shorted. 

Figure IB uses a 747 dual op amp 
package to drive a 100-fiA meter that is 
used as the readout. Two diodes are 
used to protect the meter from acciden¬ 
tal overloads. Operation of the circuit is 
otherwise the same as that of Fig. 1 A. 

In experiments with these circuits, 
probing a current-carrying conductor 
produced “ball-park" figures of 12 mV/ 
inch or 12 piA/inch. for each milliampere 
of current flow. In general, it would be 
too much to expect either precision or 
close calibration results from such a 
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general-purpose circuit as opposed to a 
specialized (and expensive) instrumen¬ 
tation amplifier. Nevertheless, the cir¬ 
cuits of Fig. 1 do indicate current flow in 
a conductor and can be reasonably cali¬ 
brated. For improved stability, a premi¬ 
um op amp such as Precision Monolith- 
ics OP2, National LF156, etc., may be 
used. Where currents greater than 
approximately 1.5-mA are concerned, 
the sensitivity of the circuit can be re¬ 
duced by lowering the value of feedback 
resistor R6. 

Photo Switch. The circuit shown in 
Fig. 2 illustrates how an op amp, in con¬ 


junction with a phototransistor and relay, 
can be used to activate a relay with a 
conventional flashlight used as the re¬ 
mote “transmitter." With the relay con¬ 
nected across the speaker coil leads, 
this circuit makes an excellent “commer¬ 
cial killer.” The op amp s pinout is for an 
8-pin mini DIP. 

The phototransistor is connected to 
the op amp to produce an inverter am¬ 
plifier gain of about 50. For most "across 
the room" distances, using a typical 
flashlight, the output of the op amp will 
be sufficient to energize a sensitive re¬ 
lay. (A Sprague 401-A050-A05 requires 
about 6 mA at 3 volts, for example.) If 
any other type of relay is to be used, 
keep in mind that the op amp can deliver 
only about 10 mA at best, so if higher 
currents are required, a transistor relay 
driver must be used. 

Although almost any type of sensitive 
phototransistor can be used, the proto¬ 
type involved half of an opto-isolator 
(LED and phototransistor in one pack¬ 
age) that had been sawed in half. In 
these units, the phototransistor sensitive 
area is protected from ambient light by a 
built-in IR filter so that the quiescent cur¬ 
rent before flashlight illumination is prac¬ 
tically negligible. The LED power-on in¬ 
dicator requires about 10 milliamperes 
for operation and may be eliminated if it 
is not required. O 
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SIX CMOS CIRCUITS 
FOR EXKRIMEH1ERS 

Using CMOS digital integrated circuits can simplify designs, 
cut costs, and reduce power supply requirements. 

Here are six basic examples of how the use of CMOS can 
“do more for less”—circuits every experimenter should 
have in his bag of tricks. 

BY DON LANCASTER 



Automatic Keyboard Repeat 

I This circuit can be added to almost any AS¬ 
CII keyboard and encoder to create a sim¬ 
ple, low-cost repeat function. The circuit 
shown uses the positive output of a 2376 
keyboard encoder 1C to drive the negative¬ 
going input required by many UARTs and TVT’s. 

The signal from the keyboard encoder is normally 
low, thus this circuit has a high output. When a key is 
depressed, the positive-going pulse from the encoder 
drives this circuit output low for as long as the key is 
depressed. However, if the key is held down, the circuit 
will deliver outputs that repeat as long as you want. 
This is handy for cursor motions, adding spaces, etc. A 
one-second delay is provided between the first and 
second output pulses, and after that, the pulses will be 
repeated at a three-per-second rate. This built-in delay 
is created by the longer initial charging time of the ca¬ 
pacitor, followed by the faster motion between the 
Schmitt trigger upper and lower trip points. You can use 
the other NAND triggers in the package to shorten 
pulses, or invert input or output. 



Contact Debouncer 


2 Pushbuttons and switch contacts must be 
debounced when used with clocked logic. 
Otherwise, contact noise and bounce will 
produce multiple "hits”. The feedback resis¬ 
tor in this noninverting buffer circuit will hold 
the output in either the high or low state. The spdt 
pushbutton forces the circuit into one state or the other, 
while the latching holds the circuit in that state, during 
the debounce interval. Actually, the resistor can be 
eliminated and replaced with a short between the input 
and output, but this may add some current “glitches’’ to 
the power supply line. Six switches may be conditioned 
using the six buffers in the 1C package. 
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Square-Wave Generator 

3 With the values shown, this circuit gener¬ 
ates approximate 1-kHz square waves. 
When the Schmitt trigger output is high, the 
capacitor charges to the supply voltage 
through the resistor. When the voltage 
across the capacitor reaches the upper trip point of the 
Schmitt, the output drops low. The capacitor then dis¬ 
charges through the resistor, and when the capacitor 
voltage reaches the lower trip point, the Schmitt output 
snaps high and the cycle repeats. 

The circuit is sure starting, and the output swings the 
full power supply level which can be anything between 
5 and 15 volts. Supply current is typically 10 microam¬ 
peres. Since the capacitor voltage always remains be¬ 
tween the two trip points, no input protection is re¬ 
quired. The frequency can be altered by selection of 
the resistor and/or capacitor value. 


Alternate Action Pushbutton 


4 Each time the pushbutton switch is oper¬ 
ated, the circuit shown here changes its out¬ 
put state. On one depression, the output is 
high; and on the next depression, the output 
is low. Operation is reliable and the pushbut¬ 
ton is fully debounced. 

Despite its apparent simplicity, this is a full-fledged 
master-slave flip-flop with the RC network being the 
“master’' that remembers where the output is to go. 
The two inverters form the “slave” latch. 



Digital Sine-Wave Generator 

5 This circuit uses a clock frequency 10 times 
the required output frequency. The walking¬ 
ring counter and resistor summing network 
will produce a “chunky” waveform at the 
output. However, you can filter this wave¬ 
form since it is basically a sine wave with a little of the 
9th and 11th harmonics present. You can either ignore 
the harmonics or use a capacitor (shown dotted on the 
schematic) as a filter. If desired, an active filter can be 
used. The unfiltered output swings the full supply volt¬ 
age which can range from 3 to 15 volts. 
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Touch-Controlled Latch 

Short the SET contacts with your fingertip 
and the output goes high. Later on, if you 
touch the CLEAR contacts, the output goes 
low. In this simple set-reset flip-flop, the 4.7- 
megohm resistors hold the NAND gates in¬ 
puts high, and are disabled when the 200,000 ohms or 
so of finger resistance provides the “low impedance” 
path to ground, to force the circuit to change states. 

The touch sensors may be any type of conductive 
material with a slight gap between the two elements. 
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ACCURATE MILLIAMMETERS 
ON A BUDGET 

How to modify surplus-type meters to obtain high accuracy. 

BY DAVID CORBIN 


B uying an ammeter with built-in 
shunts to measure currents from 
milliamperes to hundreds of amperes 
can be an expensive proposition. It is 
much less costly to obtain a basic 1 -mA 
movement and add the shunts you need 
to create the necessary ranges. This 
can be done by using the table supplied 
here. It tells you what shunt values are 
required for a given milliammeter move¬ 
ment with a 1 -mA full-scale swing. 

About Accuracy. Depending on the 
movement you choose and how much 
you pay for it, basic accuracy will be be¬ 
tween 1% and 5% full-scale. The ac¬ 
curacy figure is loosely based on both 
repeatability and scale precision. Bear in 
mind that the accuracy of large panel 
meters is generally no better than 1% 
full-scale. What these movements offer 
for the high prices they command are 
ruggedness, long life, temperature com¬ 
pensation, magnetic shielding, and high 
breakdown voltage, all of which may be 
important in some applications. Where 
the application is not critical, you can 
choose a small $3.50 to $6.00 panel me¬ 
ter and get more than adequate results. 

When you look at accuracy figures for 
basic meter movements, be sure you 
understand the meaning of the figures. 
Since a current-measuring meter is 
placed in series with the source and 
load, it should have the lowest possible 
resistance for maximum sensitivity. The 
meter’s resistance is a part of the circuit 
and affects the overall flow of current. 

Let us assume that you have two me¬ 
ters, one with a 50-ohm resistance and 
the other with a 100-ohm resistance. If 
you were to insert the 100-ohm meter 
into a circuit with 100 ohms resistance in 
which the actual current flow is 1 mA, 
the meter would indicate 0.5 mA. Sub¬ 
stituting the 50-ohm meter would yield a 
0.67-mA reading. The readings obtained 
are the actual currents flowing in the cir¬ 
cuit while the meters are in the circuit 
and they are within 1% of the actual cur¬ 
rent. (Of course, if you remove the me¬ 
ters, the current in the circuit would 
again become 1 mA.) The discrepancies 
are the result of the fact that the meters 
add their own resistance to the circuit 
and reduce the overall current flow. 
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If the meters had zero resistance (im¬ 
possible to achieve in practice), they 
would not affect the flow of current. In 
this case, both meters would indicate 1 
mA. It is obvious then that, in the world 
of real measurements, you must take 
into account the effect the meter has on 
the circuit that is being tested. 

Custom Tailoring. Since the voltage 
it takes to swing the milliammeter’s 
pointer to full-scale is the product of full- 
scale current times coil resistance, it is 
easy to design circuits and make refer¬ 
ence charts for choosing shunt and ser¬ 
ies-shunt combinations. It is amazing 
how small a voltage is required for a full- 
scale pointer swing on a typical 1-mA 
movement. For example, a 50-ohm, 
1-mA movement requires 1 mA x 50 
ohms, or 50 mV (0.050 V) full-scale. 

The problem is that many low-cost 
meter movements are provided with no 
specifications other than the scale mark¬ 
ings. You cannot measure the coil re¬ 
sistance with an ohmmeter because the 
test voltage is much too high and can 
damage the movement or burn out the 
meter’s coil. The best way to check mil¬ 
liammeter movements is with a simple 



Fig. 1. Here is a simple meter 
calibration circuit you can 
use to check meter movements. 


meter calibration circuit like that shown 
in Fig. 1. For this, you will need a good 
standard multimeter capable of indicat¬ 
ing current to 1 mA full-scale. (Even a $6 
basic movement will do if its coil re¬ 
sistance is specified.) 

The meter calibrator shown in Fig. 1 
uses a 50-ohm movement. This move¬ 
ment indicates half of the voltage 
dropped across tested movement Ml. 
The total reading from M2 is read as 0 to 


0.1 volt or as 0 to 100 ohms. Potentiom¬ 
eter R2 is adjusted for a full-scale read¬ 
ing on Ml. 

Once you know coil resistance R M 
and full-scale voltage E M , as indicated 
on M2, you can calculate the shunts 
needed to increase the basic move¬ 
ment’s range. The formula for this is Rs 
= E M /(I D - >m) where R s is the shunt 
resistance in ohms and l D and l M are the 
design and movement’s full-scale cur¬ 
rents in amperes. However, to avoid 
having to perform the mathematics, you 
can refer instead to the table, which 
gives the values of the shunt resistors 
needed for various 1-mA meter move¬ 
ments for a variety of full-scale ranges. 
The resistances in the table are rounded 
off to three places in most cases. It isn’t 
necessary to be too accurate in shunt- 
resistor selection because of the limita¬ 
tions resulting from the built-in errors of 
the basic meter movement itself. 

About the best possible accuracy you 
will be able to obtain, no matter how pre¬ 
cise the values of the shunt resistors, 
will be 1% of the full-scale reading. The 
resistors you use will not normally be 
better than 1% to 5%, and the meter 
movement itself cannot be interpreted to 
better than 1% accuracy even if it is the 
best available. 

The 1-mA movement will probably be 
calibrated in 10 major divisions, with five 
minor divisions between each. This 
works out to 0.1-mA major and 0.02-mA 
minor steps when only the basic mea¬ 
suring range of the movement is consid¬ 
ered. When multiplied by the shunt fac¬ 
tor for a 50-mA full-scale reading, the 
major steps are each 5 mA and the mi¬ 
nor steps are each 1 mA. However, with¬ 
out an antiparallax mirror backing on the 
movement and other refinements, one 
minor division is about the limit of what 
you can interpret on any reading. 

Thus, a 1-mA error is possible in the 
reading and 0.5 mA in the meter’s basic 
accuracy. In terms of a shunt, assuming 
a 50-ohm movement, this is like using a 
1-ohm resistor instead of the required 
1.02 ohms. In fact, the difference of 0.5 
mA caused by the movement itself 
would be the same as an error of from 
1.0098884 to 1.0309278 ohms instead 
of the exact 1.0204081 ohms required. 
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SHUNTS NEEDED FOR VARIOUS MOVEMENT RESISTANCES 
AND FULL-SCALE CURRENT 


Shunt (ohms) 


Movement 

(ohms) 

Current 

(mA) 

12.5 

25 

50 

75 

100 

5 

3.13 

6.25 

12.5 

18.75 

25.0 

10 

1.39 

2.78 

5.56 

8.33 

11.1 

25 

0.52 

1.04 

2.08 

3.13 

4.17 

50 

0.26 

0.51 

1.02 

1.53 

2.04 

75 

0..17 

0.34 

0.68 

1.01 

1.35 

100 

0.13 

0.25 

0.51 

0.76 

1.01 

150 

0.08 

0.17 

0.34 

0.50 

0.67 

200 

0.06 

0.13 

0.25 

0.38 

0.50 

500 

0.025 

0.05 

0.10 

0.15 

0.20 

1000 

0.0125 

0.025 

0.05 

0.075 

0.10 

10.000 

0.00125 

0.0025 

0.005 

0.0075 

0.01 


This simply points out the limit of accura¬ 
cy to be expected with any moving-coil 
type of meter. Needless to say, the 
home-built metering circuit can be as ac¬ 
curate as the best commercial analog 
meters. 

To avoid having to wind special resis¬ 
tors, you can use combinations of stan¬ 
dard resistor values to make the re¬ 
quired shunts because the precision re¬ 
quired for good results will not be exces¬ 
sive. The formula for determining the 
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Fig. 2. Various configurations 
for using shunts with meters. 


value of the parallel resistor needed for 
a given shunt value and given one resis¬ 
tor of known value is Ry = Rs^k^^k — 
R s ), where Ry is the resistance to be 
found, R s is the desired shunt re¬ 
sistance, and R k is the value of the 
known resistor. To obtain a good many 
values with odd decimal endings, a frac¬ 
tional value resistor can be used in se¬ 
ries with a standard larger value resistor. 
Of course, the accuracy will suffer when 
the possible errors of the resistor values 
are added to the circuit. However, if you 
use 1% and 5% tolerance resistors and 
the scale multiplication is large, the 
amount of overall error will be in the 
same range as the limits of the meter 
movement itself and will not have much 
effect on the accuracy of the reading. 

The power that is generated in the 
shunt must be handled without exces¬ 
sive heating of the shunt or the values of 
the shunt resistors will change. By using 
resistors with 50% greater heat dissipa¬ 
tion (power rating) than is actually re¬ 
quired, you will not exceed safe limits. 
Even with a 10-ampere shunt, the cur¬ 
rent is not large enough to generate 
much heat in a 0.01-ohm load. The pow¬ 
er generated will be 1 watt, so a 2-watt 
resistor will be more than adequate. 
Smaller currents develop correspond¬ 
ingly lower power in the shunts. The for¬ 
mula for calculating the power rating of 
the shunt resistors is P = 1.5E M (l D 
—0.001), where P is the power in watts, 
E m is full-scale meter voltage in volts, 
and 0.001 is the value of the 1-mA meter 
movement’s full-scale current. 

To measure higher currents without 
having to resort to very small values of 
resistors and resistor combinations for 
the shunts, a dropping resistor can be 


placed in series with the meter move¬ 
ment. (Various configurations of shunt 
circuits are shown in Fig. 2. The Fig. 2D 
circuit illustrates the resistor placed in 
series with the meter movement.) If you 
know the value required for shunt resis¬ 
tor R s , the formula for determining the 
value of dropping resistor R D is R D = 
[ R s(ta — 0.001) — E m ]/ 0.001, where 
Ry is in ohms, ly is in amperes, and 
0.001 is the full-range current of the me¬ 
ter movement. To find R s when the total 
drop is specified, use the formula R s = 
Ers / Od - 0.001). Then Ry = (Er s - 

E m ) /0.001. 

The Fig. 2D circuit can be used when 
a certain voltage drop is required in a 
metering circuit and it is different from 
the drop that would result from using a 
standard shunt circuit. It is also handy 
for avoiding small values of resistance, 
but the pitfall is excessive power loss 
through the shunt when measuring high 
currents. 

The power in the shunt is calculated 
by subtracting 1 mA from the design cur¬ 
rent (l D ) and multiplying this times the 
voltage drop across the shunt, which is 
the same as the total circuit drop. Almost 
any value of resistance can be used for 
the shunt, but the power rating will go up 
in direct proportion to the resistance for 
any given current measurement. The 
biggest advantage will be in the avoid¬ 
ance of odd-value shunt resistors that 
cannot readily be obtained by connect¬ 
ing resistors in parallel or series-parallel 
configurations. 

Multirange general-purpose meters 
can be made by using a combination of 
simple shunt and series-shunt networks 
and a multi-position switch. The lower 
ranges, where shunts are obtainable in 
close-to-standard values, can have the 
shunts switched directly across the me¬ 
ter movement. 

Summing Up. The design of current¬ 
measuring circuits in which a standard 
1-mA meter movement is used is appli¬ 
cable to even the most limited budget 
and available test equipment. It provides 
accurate current monitoring in up to four 
decade ranges at a typical cost of less 
than $15. A single-value monitor circuit 
can be installed in a project for less than 
$9, and it will provide an accuracy of be¬ 
tween 1% and 5% full-scale, depending 
on the care taken during the design 
stages. The problem of finding and 
stocking a variety of current meters is 
solved by keeping one or two milliam- 
meter movements handy and making up 
a few standard shunt circuits to use with 
them as described here. O 
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Easy-to-build circuit sounds an alarm 
so you won't miss your car’s visual warning. 


P EOPLE often fail to notice immedi- 
ately when a red indicator on the 
dashboard of a car lights to warn that 
service is required. The “Audible Car 
Protection Alarm” described here cor¬ 
rects this problem by simultaneously is¬ 
suing an audio signal when a dashboard 
warning indicator is activated. It can 
spell the difference between a minor and 
a major car repair, or even save lives. 

When any one or more of the warning 
indicators in your vehicle lights, the au¬ 
dio alarm sounds an insistent beeper. 
Then you can check the indicators to de¬ 
termine what service is required. 

In addition to serving as an automatic 
fault monitor, the alarm can also remind 


you to turn off headlights and rear-win¬ 
dow defogger. The system can easily be 
expanded to monitor dozens of points in 
a vehicle’s or boat’s electrical system. 

About the Circuit. As shown in Fig. 
1, triple three-input NAND gate IC1 
serves three separate functions. Section 
A operates as a conventional three-input 
NAND gate. If one or more of its normal¬ 
ly high A, B, and C inputs goes low, the 
pin-10 output of this gate also goes high. 

Section B, also used as a three-input 
NAND gate, has a 1500-Hz signal ap¬ 
plied to its pin-2 input, a 1-Hz signal ap¬ 
plied to its pin-1 input, and the output 
from section A of /Cl applied to its pin-8 


input. Hence, when the output from sec¬ 
tion A goes high, the circuit oscillates at 
1500 Hz and is gated on and off at 
approximately half-second intervals. 

Section C of IC1 is configured as an 
inverting amplifier whose output is cou¬ 
pled back to its input via R1 and oscil¬ 
lates at a frequency determined by the 
values of R1 and Cl . 

The output of section B drives Q1, 
whose collector load is a conventional 
miniature 8-ohm loudspeaker. The com¬ 
bination of C3, R2 , and R3 functions as 
the system’s 1-Hz oscillator. Capacitor 
C3 charges through R2 and discharges 
through R3. This capacitor must be ini¬ 
tially charged before the circuit can os- 


PIFIG 2) 



Fig. 1 Gates IC1C , IC1B, and Q1 
form a 1500-Hz oscillator gated 
on and off by a 1-Hz signal. 


PARTS LIST 

Cl—0.0047-p.F Mylar 
C2—10-fiF. 16-volt electrolytic 
C3—3.3-p.F, 25-volt tantalum 
D1 through D5—1N4148 or similar silicon di¬ 
ode 

IC1—CD4023AE (RCA) CMOS triple three 
input NAND gate 
LED1—Red light emitting diode 
Q1—2N2907A or similar pnp transistor 
The following resistors are 14-watt, 107r•: 
R1 —100,000 ohms 
R2—5.1 and 2.2 megohms in series 
R3—330,000 ohms 
R4.R6.R 15—1 (XX) ohms 
R5—51 ohms 
R7—22 ohms 
R8—2200 ohms 

R9 through R14—220,000 ohms 
SPKR—8-ohm. 100-mW loudspeaker 
Misc.— 14-pin DIP socket; plastic case; print¬ 
ed circuit or Wire Wrap board; splice-in 
connectors; hookup wire; solder; machine 
hardware; etc. 
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Fig. 2 Function sensing 
is shoivn at (A) while (B) 
shores how dc power is 
applied to the alarm circuit. 


cillate. With the value shown for C3, a 
delay of about 15 seconds is provided 
before the alarm enables. This allows 
time for normal engine starting and the 
build-up of oil pressure. Consequently, 
during normal operation, the alarm will 
not sound. 

To see how the circuit operates under 
actual in-use conditions, let us assume 
that the oil pressure drops. As shown in 
Fig. 2A, the oil-pressure sender grounds 
the oil-pressure lamp, which then comes 
on. Simultaneously, the cathode of D4 is 
placed at ground potential. At this point, 
D4 conducts through RIO and pin 11 of 
IC1A goes low, causing the output of 
this gate to go high. As long as C3 is 
charged, IC1A allows the 1500-Hz oscil¬ 
lator to operate. When the potential 
across C3 reduces sufficiently, the oscil¬ 
lator ceases operating until C3 re¬ 
charges. Therefore, the 1500-Hz oscilla¬ 
tor is gated on and off by the R2, R3, C3 
circuit at 0.5-second intervals. The 
beeping of the alarm continues until all 
of the circuit’s A, B, or C inputs are un¬ 
grounded. 

In Fig. 2B, diodes D1 through D3 are 
connected to the ignition, headlights, 
and defogger (if any) circuits so that 
when any of these switches is closed, 
the associated diode is forward biased 


and conducts to apply power to the alert 
circuit via R7 and its associated C2 filter 
capacitor. 

As an example of the foregoing, as¬ 
sume that the ignition is turned off, but 
either the headlights or the defogger is 
left on. The alarm will then receive pow¬ 
er through the diode attached to the 
headlight or defogger switch, thereby 
sounding off and continuing to do so un¬ 
til the headlight or defogger switch is 
turned off. This is because when the en¬ 
gine is turned off, the oil pressure drops 
to close its sensor switch, thus activating 
the alarm. This action will also occur 
even if the oil-pressure lamp is burnt out, 
since the A input will still be grounded. 
The rear window defogger is also includ¬ 
ed since in many cars, this accessory 
will still operate when the ignition is 
turned off. 

Construction. The simple circuit that 
makes up the system can be wired by 
any convenient means, including a print¬ 
ed circuit board, Wire Wrap, and point- 
to-point. Since there are no high fre¬ 
quencies with which to contend, lead 
dress is not critical. 

The alarm can be mounted in any box 
that will accommodate it and the speak¬ 
er. A barrier strip, mounted on the enclo¬ 


sure, can then be used to make all pow¬ 
er, ground, and sensor connections. 

The diode coupling technique shown 
in Fig. 2A can be used to increase the 
number of sensing points to monitor oth¬ 
er elements in a mobile system. Each 
NAND-gate input can handle a large 
number of inputs, connected in parallel. 

Note in Fig. 2A how a LED parking 
brake set circuit can be added to the 
alarm circuit. The switch associated with 
this sensor can be a conventional mi¬ 
croswitch mounted so that, when the 
parking brake is set, the switch closes. 
The LED can be mounted on the dash¬ 
board and suitably identified. 

Installing the System. Before the 
alarm is installed in a vehicle, it should 
be tested for proper operation. Connect 
a 9-volt battery between the ignition in¬ 
put and ground. Temporarily connect 
sensor input A to ground. After about 15 
seconds, the alarm should begin to 
beep. Disconnect the sensor input from 
ground; the alarm should cease beep¬ 
ing. Repeat this procedure with sensor 
inputs B and C. The positive terminal of 
the battery can be connected with a 
jumper wire to the headlight and defog¬ 
ger inputs to test the operation of these 
functions. 

Make all connections to the various 
points in the vehicle’s electrical system 
securely and with care, preferably with 
splice-in connectors where possible. If 
you use a strip-and-wrap splice, make 
sure you cover each connection with vi¬ 
nyl electrical tape. 

Dress all wires to protect them from 
mechanical and heat damage. Do not 
connect the ignition input to the ignition 
coil; otherwise, it may be damaged by 
transients from the coil. It goes to some 
accessory that is powered only when the 
ignition switch is turned on. Make sure 
that the headlight and defogger input 
power connections are made as shown 
in Fig. 2B. 

After installation is complete, turn on 
the ignition but do not start the engine. 
(Set the ignition switch to the on position 
only.) Since the low-oil pressure switch 
will be closed, after the delay period, the 
alarm should begin to beep. Turn on the 
headlights and turn off the ignition. The 
alarm should continue to beep and stop 
only when you switch off the headlights. 

The alarm circuit can be used for 
monitoring other dc electrical systems. If 
failure modes are indicated by a "high” 
voltage, these can be diode OR’ed at in¬ 
put F (see Fig. 1) with the output of 
IC1A. o 
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BY RAY WILKINS 


FOUR ‘ 

E ASY-TO - BUILD 
LED 

PROJECTS 


W ITH THE prices of LED’s and 
CMOS IC’s continuing to drop, 
electronics experimenters should take 
advantage of the circumstances and 
build some of the many interesting proj¬ 
ects that can be made using these de¬ 
vices. The four circuits described in this 
article are not only fun to build, they also 
teach the builder quite a bit about the 
devices and their uses. 

The circuits take advantage of the fact 
that CMOS devices require very low 
power, so no power on/off switches are 
used. The quiescent current drawn by 
the CMOS chips (when the LED’s are 
off), allows normal battery shelf life. 
Once the pushbutton switch on a project 
is operated, the circuit “does its thing,” 
and then stops. 

Blinker. As shown in Fig. 1, this circuit 
uses a single CMOS hex inverter to pro¬ 
vide both timing and drive to make the 
two LED’s blink alternately. Built with 
two small red LED’s, the circuit makes 



BLINKER 
PARTS LIST 

B!—9-volt battery 
Cl—47-p.F, 10-V electrolytic 
C2—0.047-p.F disc capacitor 
C3—0.47p.F, 10-V electrolytic 
D1 — 1N9I4 diode 
IC1—4069 CMOS hex inverter 
LED1, LED2—Light emitting diode (2 red, or 
1 red/1 green) 

R1—1 -megohm resistor 

R2, R4—10-megohm resistor 

R3—4.7-megohm resistor 

SI—Normally open pushbutton switch 


Fig. 1. Dual LED 
alternate blinker 
uses parallel gate 
output for more LED 
driving current. 
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FLASHER 
PARTS LIST 

Bl—9-volt battery 
Cl—100-p.F, 10-V electrolytic 
C2—4.7-p.F, 10-V electrolytic 
D1 — 1N914 diode 

1C 1—4011 CMOS quad 2-input NAND gate 

LED1—Red light emitting diode 

R1 — 10-megohm resistor 

R2—100,000-ohm resistor 

R3—470,000-ohm resistor 

R4—10,000-ohm resistor 

R5—3.3-megohm resistor 

SI—Normally open pushbutton switch 


Fig. 2. Single LED 
flasher also uses 
parallel gate output 
for driving 
the LED. 


an ideal HO-gauge model railroad 
crossing blinker. With LED’s of two dif¬ 
ferent colors (in one package), it can be 
used to obtain other effects. 

Resistors R2 and R3 and capacitor 
C2 determine the flash rate, while R1 
and Cl set the total display time. The 
component values shown here produce 
a blinking rate of two per second and an 
on time of about 20 seconds. To change 
the timing, change the values of the ca¬ 
pacitors since decreasing the value of 
the resistors will increase the quiescent 
battery current drain. 

Flasher. A simple variable-rate LED 
flasher is shown in Fig. 2. The voltage 
across Cl determines the flash rate. 
When the pushbutton switch is closed', 
capacitor Cl charges to 9 volts and the 
flasher blinks rapidly. As the voltage is 
discharged through R1, the flasher 
slows down until the charge on Cl 
reaches about 4.5 volts, at which point 
the oscillator stops and the LED stays 
off. The flash rate is set by the values of 
R2 , R3, R4 , R5 , and C2. Capacitor Cl 
and bleeder resistor R1 create the slow¬ 
down period. 


Binary Counter. A circuit that demon¬ 
strates the operation of a six-bit binary 
counter is shown in Fig. 3. When the 


Fig. 3. Simple 
binai'y counter 
illustrates 
counting in the 
1-2-4-8-16-32 mode. 


LEO I —LED 6 



BINARY COUNTER 
PARTS LIST 

Bl—9-volt battery 

C1 —0.01 -p.F disc capacitor 

C2—0.022-p.F disc capacitor 

1C1—4011 CMOS quad 2-input NAND gate 

IC2—4024 CMOS binary counter 

LED1-LED6—Red light emitting diode 

R I. R4—10,000-ohm resistor 

R2—10-megohm resistor 

R3—4.7-megohm resistor 

S1—Normally open pushbutton switch 
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pushbutton switch is depressed, the cir¬ 
cuit starts counting from zero (all LED’s 
off) to 63 (all LED’s lit). After reaching 
the full count, the circuit automatically 
resets to zero and shuts itself off. The 
six LED’s come on in a binary (1,2, 4, 8, 
16, 32) sequence which is typical of digi¬ 
tal counters. 



pin 2, thus placing all of the IC2 outputs 
at their low states (0 volt ). Thus, none 
of the LED’s can glow. The second ac¬ 
tion is an enable level signal (+9 volts) 
at pin 13 of IC1 . This action allows the 
oscillator (the middle two gates) to start, 
thus producing an input signal to the 
counter 1C through the last gate of /Cl. 

The counter then counts until it is full, 
illuminating the LED’s in the proper se¬ 
quence. One count after full count is 
reached, pin 3 of IC2 goes high. This 
signal is inverted by the first gate of /Cl, 
and its output goes low, thus disabling 
the oscillator. The circuit then remains in 
the “all LED’s off” state until the push¬ 
button is depressed again. The value of 
C2 can be changed to increase or de¬ 
crease the counting speed. 

Wheel of Fortune. The circuit shown 
in Fig. 4 is a 10-LED spinning wheel with 
audible ‘clicks’ as the wheel passes 
each point. The rotation starts fast, then 
gradually slows down to a random stop 
(with a click at each position). After the 
rotation ceases, the selected LED stays 
lit for about 10 seconds, then goes out. 
The cycle restarts by depressing the 
pushbutton switch. 

The logic requires only two IC’s. Of 
these, IC1A, IC1B and /C/Cform a vari- 
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Fig. 4. “Wheel of Fortune” 
sequentially lights one of 10 
LED's and generates audible clicks. 


03-012 /''""N. 

— 1 * fpS 6V ' 40mA | 


WHEEL OF FORTUNE 
PARTS LIST 

B1—9-volt battery 

Cl—0.01-p.F disc capacitor 

C2—200-p.F, 10-V electrolytic 

C3—1-p.F, 10-V electrolytic 

C4—3.3-p.F, 10-V electrolytic 

DI — 1N914 diode 

IC1—4069 CMOS hex inverter 

IC2-4017 CMOS decade counter decoder 

LED1-LED10—Red light emitting diode 

Q1. Q2—2N2222 transistor 

RI — 100.000-ohm resistor 

R2—470,000-ohm resistor 

R3—3.3-megohm resistor 

R4, R6—10,000-ohm resistor 

R5—1-megohm resistor 

SI—Normally open pushbutton switch 


IC2 


R7 

CHANGE 
TO IK 

—WvYWv— 


$> 4 


Fig. 5. Modifying the Wheel 
of Fortune for use with 
conventional 6 volt lamps. 
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Fig. 6. Foil pattern and 
component installation. 
The four circuits are 
separated along 
the dotted lines. 

Note: Pc board available from 
Ray Wilkins, Box 551, Hanover, 
NH 03755 for $5.50 ppd. 



able frequency oscillator operating ex¬ 
actly like the oscillator in the Fig. 2 flash¬ 
er circuit. Then IC2 is a combination 
decade counter, decoder and driver that 
powers 10 LED’s in sequence, with the 
LED’s arranged in a circular display. 
Each pulse from the oscillator advances 
the count by one. 

The oscillator pulses are buffered by 
IC1D and amplified by transistor Q1 to 
drive a small loudspeaker. Capacitor C3 
affects the speed of rotation, while C2 
determines the total length of time that 
the display stays lit. The dc voltage 
1981 EDITION 


across C2 is also applied to a pair of 
buffering inverters ( IC1E and IC1F) with 
the output used to turn on switching 
transistor Q2. When this transistor is 
saturated, it allows the LED’s to turn on. 
When the voltage across C2 drops, the 
output of inverter IC1F drops to zero, 
causing Q2 to cut off, thus turning off the 
LED’s. 

It is possible to substitute convention¬ 
al 6-volt, 40-mA lamps in place of the 
LED’s by using the circuit shown in Fig. 
5. To operate these optional lamps, an 
extra 6-volt battery is required. 


Construction. Any type of construc¬ 
tion can be used for any of the projects. 
If you want to use a printed circuit, you 
can use part or all of the foil pattern 
shown in Fig. 6. The four sections of the 
pattern can be separated at the dotted 
lines. Component layouts are also 
shown in Fig. 6. Install passive elements 
first, then the IC’s. Be sure to observe 
the polarities of the electrolytic capaci¬ 
tors, diodes and IC’s. Use a convention¬ 
al 9-volt battery clip and leads for the 
connections. The red lead is positive, 
and the black lead is negative. O 
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BY CASS LEWART 



Uses a 

Wheatstone bridge 
sensing circuit 
and an 
incandescent 
lamp indicator. 


Build q Lowcosl SWR TESTER 


I nitial adjustment of a CB antenna calls 
for the use of an SWR meter. How¬ 
ever, the meter need not be left in the 
line after the antenna has been tuned, 
so most CB’ers have not felt the need to 
purchase one. The project presented 
here—an inexpensive SWR Tester— 
allows an operator to make periodic 
“good/bad” checks of his antenna sys¬ 
tem. Employing only a handful of resis¬ 
tors. a switch, and a small incandescent 
lamp, the project can be built for under 
$5. The SWR Tester will not yield a 
numerical SWR measurement, but will 
tell the user whether the antenna/line 


mismatch is severe enough to warrant 
further investigation. 

About the Circuit. The schematic 
diagram of the SWR Tester is shown in 
the diagram. It is a Wheatstone bridge, 
one of whose arms is formed by the 
transmission line and antenna. The re¬ 
maining three arms are 50-ohm carbon 
resistors. Indicator II, a low-voltage in¬ 
candescent lamp, current limiting resis¬ 
tor R4 and pushbutton switch Si com¬ 
prise the bridge’s detector. 

When an antenna having a 50-ohm 
resistive feedpoint impedance (the ideal 


condition for maximum power transfer) 
is connected to jack J1 by a length of 50- 
ohm coax, the impedances of the bridge 
arms are equal. Therefore, the bridge is 
balanced and no voltage drop exists 
across the detector. Lamp 11 remains 
dark, indicating an SWR close to unity. If 
the antenna’s feedpoint impedance de¬ 
viates from the ideal 50 ohms, the bridge 
becomes unbalanced and a voltage 
drop exists across the detector. 

An antenna/feedline impedance mis¬ 
match (that is, an SWR) of about 2.5:1 
will produce a voltage drop across the 
detector sufficient to cause II to glow. 



i_i 

METAL ENCLOSURE 


Schematic diagram of tester. The antenna/feedline 
combination forms the fourth leg of a Wheatstone bridge. 


PARTS LIST 

.11 SO-239 coaxial connector 

11 — 1.5-volt, 25-mA miniature incandescent 
lamp (Radio Shack 272-1 139 or equivalent) 
PI—PL-259 coaxial connector 
Rl .R2.R3—47- or 50-ohm. 2-watt 5*T carbon 
composition resistor. 

R4—220-ohm. '/^-watt. I0*£ carbon composi¬ 
tion resistor 

SI—Normally open pushbutton switch 
Misc.—Suitable metal utility box. ceramic 
standoff insulators or multi-lug terminal 
strip, hook-up wire. RG-58-U coaxial ca¬ 
ble. rubber grommets, machine hardware, 
solder, etc. 
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Quality HoM>Y ,sls 


TCG Semiconductor devices are 
quality tested, warranted semi¬ 
conductor devices capable ot 
meeting the toughest applications 
you can put them through. Each 
TCG semiconductor is fully tested 
in our quality control department, 
each comes fully warranted for two years and 
our prices are low. 




The next time you need a quality, 
warranted semiconductor and 
want to save money, look for the 
green diamond at your local 
distributor, or write to us and well 
send you the name of the nearest 
authorized TCG distributor. 


To make sure you get the right 
semiconductor for the right 
application, each is packaged in 
its own polyethylene bag with 
part numbers and dimensional 
drawings clearly marked so 
there's no guessing or cross 
checking. And even though we don't say it on the 
package, many TCG semiconductors are the 
same as those sold by the national “name'' 
suppliers you've probably used before. 





NEW-TONE ELECTRONICS INTERNATIONAL 

Box 1739 Farrand Street, Bloomfield, NJ 07003 
(201) 748-5089/(212) 732-1376 
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WH AT IS SWR? 


(LOOP) 

MAX. MOVEMENT 



Tie a rope or string to some solid, sta¬ 
tionary object such as a tree or post, as 
shown in the diagram. Grasp the free end 
and start waving the rope up and down. 
You are now generating a train of waves, 
much in the way that a transmitter sends 
waves down a transmission line. 

When the wave reaches the point where 
the rope is anchored, there is no place for it 
to go so it is reflected back down the length 
of the rope. In this way, a pattern is formed 
as shown, with the loops being the points 
of maximum movement and the nodes the 
points of minimum movement of the rope. 
The ratio of the maximum to minimum 
waveform amplitude along the rope (called 
the Standing Wave Ratio, or SWR) in this 
case is 1 .0. or infinity. This happens be¬ 
cause essentially no energy is being ab¬ 
sorbed by the wall and all is being reflected 
back to the driving source. This is analo¬ 
gous to the termination of a transmission 
line with an impedance that is different 
from that of the line. If the rope were not 

SWR 

Reflection Loss (dB) 

Antenna Power (watts) 

The higher the SWR becomes, the 
brighter II will glow. Closing normally 
open Si increases the bridge detector’s 
sensitivity so that II begins to glow at an 
SWR of about 1.5.1. Note that this 
causes R4 to be bypassed, removing 
the resistor’s protective current limiting 
action from the detector circuit. If Si is 
closed when a high SWR exists on the 
line and 11 is glowing, the lamp might 
burn out. 

The bridge presents a 50-ohm imped¬ 
ance to the transceiver’s antenna output 
when a 50-ohm antenna is connected to 
coaxial connector Jl. However, there is 
a 6-dB power loss associated with in¬ 
serting the SWR Tester between the rig 
and the antenna. The project is not de¬ 
signed for continuous monitoring of the 
SWR during communications, and 
should be removed from the signal path 
after tests have been completed. This 
can be accomplished by either physical- 


tied to the poles and were free to continue 
to move so that the transmission of the 
wave could continue, there would be no 
wave reflection. Each point on the rope 
would then reach the same maximum am¬ 
plitude and the SWR would be 1:1, or sim¬ 
ply 1.0. 

In electrical terms, SWR can be consid¬ 
ered as the ratio between the antenna 
impedance and the CB transmitter output 
impedance, with the larger value being the 
dividend and the small value, the divisor. 
The closer the ratio is to 1:1, the more of 
the transmitter r-f goes to the antenna. Be¬ 
sides reducing the power output to the an¬ 
tenna, a high SWR can also damage the 
transmitter output stage by submitting it to 
either excessive voltage or current. There¬ 
fore, keeping the SWR close to 1.0 is very 
important. 

The table shows the relationship be¬ 
tween SWR and the power delivered to the 
antenna, assuming a nominal 4-watt out¬ 
put from the CB transmitter. 


1.0 

1.2 

1.5 

2.0 

3.0 

5.0 

0.00 

0.04 

0.18 

0.51 

1.25 

2.55 

4.00 

3.97 

3.84 

3.56 

3.00 

2.22 


ly disconnecting the SWR Tester or the 
installation of a ceramic DPDT switch in¬ 
side the project’s enclosure to bypass 
the bridge circuitry. 

Construction. The circuitry of the 
SWR Tester is very simple, and point-to- 
point wiring is suitable. Solder lugs 
mounted on ceramic standoff insulators 
make ideal circuit tie points, but the 
standoffs might be hard to find. If you 
can't procure them, use a multi-lug ter¬ 
minal strip instead. 

Mount the standoffs, switch, and 
coaxial jack in a small metal utility box. 
Drill holes for the indicator lamp and 
RG-58-U cable. Insert grommets into 
these holes, mount the indicator lamp, 
and pass one end of an 18-to-36-inch 
(45.7-to-91.4-cm) length of coax through 
the wall of the enclosure. Form a simple 
loop knot to act as a strain relief. Then 
remove 1 14" (3.2 cm) of the outer in¬ 


sulating jacket at the end of the cable in¬ 
side the utility box. Comb out the braid, 
expose a short length of the inner con¬ 
ductor. and wire the circuit as per the 
schematic diagram. Terminate the other 
end of the cable with Pi , a PL-259 coax¬ 
ial connector. 

Checkout and Use. Attach Pi to the 
transceiver’s antenna output jack. Pre¬ 
pare a dummy load by terminating a 
PL-259 with a 150-ohm, 2-watt carbon 
composition resistor and attach it to jack 
Jl. Tune the transceiver’s channel se¬ 
lector to channel 13, or to channel 20 if 
the radio has 40-channel capability. 
Place the mode switch in the AM posi¬ 
tion if you are using an AM/SSB rig. 
Then key the transceiver’s push-to-talk 
switch. 

Lamp II will glow brightly. Note its 
brightness, and repeat the procedure on 
the other channels. If the rig’s output re¬ 
mains relatively constant across the 
band. IPs brightness will not vary from 
one channel to the next. Next, replace 
the 150-ohm resistive dummy load with 
a 100-ohm component. Key the trans¬ 
mitter. With SI open, II will be dark. 
Closing SI will cause the lamp to glow. 

The SWR Tester is now ready for use. 
Connect the coaxial feedline from the 
antenna to jack Jl. If the antenna has 
been properly tuned and is in good 
working order, the lamp will remain dark 
when Si is open and the transceiver is 
keyed. The indicator might glow when 
Si is closed, especially when the chan¬ 
nel selector is set to either end of the 
band and the antenna has been tuned to 
the center channel. This is normal be¬ 
cause it is difficult to maintain a close 
impedance match over a wide band of 
frequencies. Short mobile whips with 
large loading coils are subject to such 
bandwidth limitations almost as a matter 
of course. 

If the indicator glows when Si is open 
no matter which channel is selected, you 
should inspect the antenna and feedline 
for oxidized or corroded connections, 
clean metal-to-metal contact between 
the ground plane (vehicle body) and an¬ 
tenna base, etc. If no suspicious condi¬ 
tions are discovered, retune the antenna 
using an SWR meter and/or a field 
strength meter. 

After you have retuned the antenna or 
completed your SWR tests, remove the 
project from the signal path—either phy¬ 
sically or by means of a bypass switch. 
Otherwise, signals passing from the 
transceiver to the antenna (and vice ver¬ 
sa) will be substantially attenuated. O 
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MM Licenced by Sinclair Research Ltd. 

A Microcomputer 
for everyone at 
a Micr o Price 

The iMicroficeJ 


The unique 
and valuable 
components of the MicroAce 

The MicroAce is not just another personal 
computer. Quite apart from its exceptionally low 
price, the MicroAce has two uniquely advanced 
components: the powerful BASIC interpreter, and 
the simple teach yourself BASIC manual. 

The unique versatile BASIC interpreter offers 
remarkable programming advantages: 

• Unique 'one-touch' key word entry: the 
MicroAce eliminates a great deal of 
tiresome typing. Key words (RUN, PRINT, 
LIST, etc.) have their own single-key entry. 

• Unique syntax check. Only lines with correct 
syntax are accepted into programs. A cursor 
identifies errors immediately. This prevents 
entry of long and complicated programs with 
faults only discovered when you try to run 
them. 

• Excellent string-handling capability — takes up 
to 26 string variables of any length. All strings 
can undergo all relational tests (e.g. 
comparison). The MicroAce also has string 
input — to request a line of text when 
necessary. Strings do not need to be 
dimensioned. 

• Up to 26 single dimension arrays. 

• FOR/NEXT loops nested up 26. 

• Variable names of any length. 

• BASIC language also handles full Boolean 
arithmetic, conditional expressions, etc. 

• Exceptionally powerful edit facilities, allows 
modification of existing program lines. 

• Randomise function, useful for games and 
secret codes, as well as more serious 
applications 

• Timer under program control. 



• PEEK and POKE enable entry of machine code 
instructions, USR causes jump to a user's 
machine language sub-routine. 

• High-resolution graphics with 22 standard 
graphic symbols. 

• All characters printable in reverse under 
program control. 

• Lines of unlimited length. 

'Excellent value' indeed! 

For just $149.00 (excluding handling charge) you 
get everything you need to build a personal 
computer at home... PCB, with 1C sockets for all 
ICs; case; leads for direct connection to a cassette 
recorder and television (black and white or color); 
everything! 

Yet the MicroAce really is a complete, powerful, 
full-facility computer, matching or surpassing other 
personal computers at several times the price. 

The MicroAce is programmed in BASIC, and you 
can use it to do quite literally anything, from playing 
chess to managing a business. 

The MicroAce is pleasantly straightforward to 
assemble, using a fine-tipped soldering iron. It 
immediately proves what a good job you've done: 
connect it to your TV ... link it to the mains adaptor 
... and you're ready to go. 

Fewer chips, compact design, 
volume production-more power 
per Dollar! 

The MicroAce owes its remarkable low price to its 
remarkable design: the whole system is packed on 
to fewer, newer, more powerful and advanced LSI 
chips. A single SUPER ROM, for instance, contains 
the BASIC interpreter, the character set, operating 
system, and monitor. And the MicroAce IK byte 


- a new generation of 
miniature computers 

A COMPLETE COMPUTER 
for $149.00 for IK Kit 

Post and Packing FREE 

(Add 6% Tax for Shipments inside California) 

RAM (expandable to 2K on board) is roughly 
equivalent to 4K bytes in a conventional computer 

— typically storing 100 lines of BASIC. (Key words 
occupy only a single byte.) 

The display shows 32 characters by 24 lines. 

And Benchmark tests show that the MicroAce is 
faster than all other personal computers. 

No other personal computer offers this unique 
combination of high capability and low price. 

The MicroAce teach-yourself 
BASIC manual. 

If the features of the BASIC interpreter mean 
little to you-don't worry. They're all explained in the 
specially-written book free with every kit! The book 
makes learning easy, exciting and enjoyable, and 
represents a complete course in BASIC 
programming-from first principles to complex 
programs. (Available separately-purchase price 
refunded if you buy a MicroAce later.) 

A hardware manual is also included with every kit. 

The MicroAce Kit: 

$149.00 with IK COMPLETE 
$169.00 with 2K 

Demand for the MicroAce is very high: use the 
coupon to order today for the earliest possible 
delivery. All orders will be despatched in strict 
rotation. If you are unsuccessful in constructing 
your kit, we will repair it for a fee of $20.00, post and 
packing FREE. Of course, you may return your 
MicroAce as received within 14 days for a full 
refund. We want you to be satisfied beyond all 
doubt — and we have no doubt that you will be. 


Z80 A microprocessor 
chip, widely recognised 
as the best ever made. 



SUPER 

ROM. 


Your MicroAce kit 

contains... 

• Printed circuit board, with 
1C sockets for all ICs. 

• Complete components set, 
including all ICs-all 
manufactured by selected 
world-leading suppliers. 

• New rugged keyboard, 
touch-sensitive, wipe-clean. 

• Ready-moulded case. 

• Leads and plugs for 
connection to domestic TV 
and cassette recorder. 
(Programs can be SAVEd 
and LOADed on to a 
portable cassette recorder.) 

• Mains adaptor of 600 mA 
at 9VDC nominal 
unregulated. 

• FREE course in BASIC 
programming and user 
manual. 


JOIN THE REVOLUTION - DON’T GET LEFT 
BEHIND - ORDER YOUR MICROACE NOW!! 


I Send Check, Money Order or quote your Credit Card No. to: 

® MicroAce 1348 East Edinger, Santa Ana, California, Zip Code 92705. 
or phone (714) 547 2526 quoting your Credit Card Number. 


Quantity Description 


Unit Price 


TOTAL 



MicroAce Kit IK 

$149.00 



MicroAce Kit 2K 

$169.00 



Manual 

$10.00 



IK Upgrade Kit 

$29.00 


Shipments inside California . 

add 6% TAX TOTAL 



Amex. 

Diners 

Check 

Money Order 
Master Charge 
Visa 


Card No._ 


Exp. Date- 


Name. 


Address- 
City_ 


. State. 


.Zip. 
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Micro- 

PROCESSOR 

MICROCOURSE 


PART 1. NUMBER SYSTEMS 


A series devoted to understanding and working 
with these omnipresent digital devices. 


T HE MICROPROCESSOR has ush¬ 
ered in a new era of electronics. 
Just as the transistor conquered the 
vacuum tube and the integrated circuit 
replaced a handful of transistors, the mi¬ 
croprocessor can replace dozens or 
even a hundred or more IC’s. 

The conventional digital logic circuit is 
“hardwired” and its operation cannot be 
easily altered after it’s built. The micro¬ 
processor, however, is functionally 
equivalent to the central processing unit 
of a digital computer. Add some memo¬ 
ry, and the microprocessor can be pro¬ 
grammed to function as a digital control¬ 
ler, calculator, computer, or a dedicated 
logic circuit. Merely replacing the in¬ 
structions in the memory with new ones 
will completely change the role of the mi¬ 
croprocessor. 

Most electronics enthusiasts, from 
professionals to hobbyists, are aware of 
microprocessors and some of the things 
they can do. Computer hobbyists are 
particularly close to microprocessors 
since inexpensive hobby computers 
were first made possible by the Intel 
8008 and 8080 microprocessors. 

However, microprocessors are so 
new and different that many of those 
who are interested in electronics have 
not yet become familiar with their basic 
operating principle, much less their pro¬ 
gramming requirements. The “Micropro¬ 
cessor Microcourse” is a series of ar¬ 
ticles that reviews many of the basic 
operating principles of digital logic cir¬ 
cuits and culminates with a detailed de¬ 
scription of the architecture and opera¬ 
tion of PIP-2, a simple tutorial micropro¬ 
cessor. 


The simplest digital logic elements op¬ 
erate on the basis of the presence or 
absence of an electrical signal. This two- 
state situation can be used to represent 
numbers and implement operations in 
the two-digit binary number system. 
We’ll learn more about the devices and 
circuits that perform the functions later. 
First, let’s review the basics of binary 
and a few other number systems. 


If you learn how 
microprocessors 
work, you’ll 
understand their 
role in micro- 
wave ovens, CB 
transceivers, 
autos and 
computers. 


Number Systems. The ten-digit deci¬ 
mal number system is very easy to learn 
and use. At least that’s what most of us 
were taught in school. But think about 
decimal arithmetic for a moment. To add 
any two decimal numbers, for example, 
you must first have memorized 100 in¬ 
dividual addition rules! 


What are these rules? They’re numer¬ 
ical relationships like 1+1 = 2; 4 + 5 = 
9; 3 + 7 = 10; etc. Simple? Yes, almost 
transparently so, but only because we 
have already memorized them. 

As you can see, the "simple” decimal 
number system isn’t very simple at all. 
And we haven’t even covered the rules 
required to subtract, multiply and divide 
decimal numbers. In all, there are literal¬ 
ly hundreds of individual rules for per¬ 
forming the various operations of deci¬ 
mal arithmetic. 

It took you five or six years to master 
the rules of decimal arithmetic, but you 
can master the rules of binary arithmetic 
in only five or six minutes. The binary 
system has only two digits or bits , 0 and 
1, so only a few rules are necessary for 
performing binary arithmetic. 

Here, for example, are the rules for bi¬ 
nary addition: 

0 + 0 = 0 
0 + 1=1 
1+0 = 1 

1+1=0, carry 1 or 10 
1 + 1 + 1 = 10 + 1 = 11 

You can use these five rules to add 
any two binary numbers. There are 
equally simple rules for binary subtrac¬ 
tion. And since multiplication and divi¬ 
sion can be accomplished by, respec¬ 
tively, repeated addition and subtrac¬ 
tion, the rules for binary arithmetic are 
far simpler than those for decimal. 

You can also use the binary addition 
rules to count in binary. Start with 0, add 
1, and continue adding 1 to consecutive 
sums. This procedure is called incre- 
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meriting, and it allows us to quickly gen¬ 
erate the first sixteen binary numbers: 


0 

100 

1000 

1100 

1 

101 

1001 

1101 

10 

110 

1010 

1110 

11 

111 

1011 

1111 


Computer specialists frequently refer 
to binary numbers like these as words or 
bit patterns since they are often used to 
represent computer instructions and 
other nonnumerical functions. Words 
having eight bits are commonly used; 
they are called bytes. A word having four 
bits is a nibble. 

Though binary arithmetic is easy to 
learn, the binary number system has a 
major drawback from the human per¬ 
spective. Binary numbers (or words) are 
often long and cumbersome, difficult to 
remember, prone to transpositional er¬ 
rors, and difficult to vocalize. For exam¬ 
ple, a decimal number that uses only a 
digit or two will require from one to sev¬ 
en bits when expressed in binary. The 
decimal number 99 is easy to pronounce 
and remember. Its binary counterpart is 
an awkward 1100011. 

Computer enthusiasts have invented 
several handy shortcuts and tricks for 
remembering binary numbers and con¬ 
verting them into their decimal counter¬ 
parts. These methods are going to be¬ 
come almost second nature to the mi¬ 
croprocessor generation, so let’s have a 
look at them. 

Converting Binary to Decimal. 

Converting binary numbers to their deci¬ 
mal equivalents is easy once you know 
how to expand an ordinary decimal 
number into its component parts. For ex¬ 
ample, 653 is 600 ^-50 + 3. 

The position of the digits in a number 
like 653 determines the power of ten by 
which the respective digits are multi¬ 
plied. Thus, 


653 = 6 x 102 = 600 
5 x 10 1 = 50 
3 x 100= 3 

653 

Binary numbers can be expanded us¬ 
ing this same method—and in the proc¬ 
ess converted into their decimal coun¬ 
terparts. Since the binary system has 
only two bits, the position of a bit in a bi¬ 
nary number determines by which pow¬ 
er of two the bit is multiplied. Thus, 

1001 = 1 x 23 = 1000 
0 x 22 = 0000 
0 x 2 1 = 0000 
1 x 2° = 0001 

1001 

We can carry this expansion one step 
further and convert 1001 into its decimal 
equivalent. Just convert the powers of 
two into their decimal values and add 
the products: 

1001 =1 x 8 = 8 
0x4 = 0 
0x2 = 0 
1x1 = 1 

9 

An even faster way to convert a binary 
number to its decimal form is to list the 
ascending powers of two over each bit in 
the number beginning with the least sig¬ 
nificant bit. Then add the powers of two 
over the 1 bits and ignore those over the 
0 bits. Thus, to convert 1100110 to deci¬ 
mal: 

6432 16 842 1 
1 1 00110 
64 + 32 + 4 + 2 = 102 

Converting Decimal Numbers to 
Binary. A quick way to convert decimal 
numbers into their binary counterparts is 
to repeatedly divide the decimal number 
by two. The remainders of each division, 
which will always be 0 or 1, become the 
binary number. Let’s convert 102 into bi¬ 
nary using this method: 

102/2 = 51, remainder 0 - 

51/2 = 25, 

25/2 = 12, 

12/2 = 6 , 

6/2 = 3, 

3/2 = 1, 

Final " 1 -i 

102 = 1 


Octal and Hexadecimal Num¬ 
bers. Often binary numbers are used to 
represent computer instructions and op¬ 
erations. For example, 01110110 is the 
binary equivalent of the decimal number 
118. 01110110 is also the instruction 
code selected by Intel to represent the 
instruction HLT (halt) for its 8080 micro¬ 
processor. 

Binary numbers are also used to rep¬ 
resent memory addresses inside a com¬ 
puter. Thus 01110110 can represent the 
decimal number 118, the instruction 
HLT, or the 119th address in a computer 
memory (the first address being 
00000000). 

Since binary numbers play such an 
important role in microprocessors and 
computers, you’ll want to learn about a 
couple of very handy time and space 
saving shortcuts called the octal and 
hexadecimal number systems. 

Decimal numbers have ten as their 
base; therefore the largest decimal digit 
is 9. Octal numbers have eight as their 
base, and that means the largest octal 
digit is 7. Since the binary equivalent of 
the decimal digit 7 (which is equivalent 
to the octal digit 7) is 111, it’s easy to 
convert any binary number into its octal 
counterpart by simply dividing the bits in 
the number into groups of three and 
converting each group into its decimal 
equivalent. Thus, the binary number 
01110110 becomes 01 110 110 or 166 
in octal. 

When listing numbers having different 
bases, it’s customary to indicate each 
number’s base with a subscript. There¬ 
fore 166 8 is an octal number. Obviously 
166 8 is much easier to remember than 
01110110 2 . And it’s easy to convert 
166s back to binary by simply writing 
out the binary equivalent for each digit: 


1 =01 



6 = 

110 


6 = 


110 

01 

110 

110 


min 

10 0 110 


1 

0 

0 
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Hexadecimal numbers have sixteen 
as their base. They’re commonly used to 
simplify 8-bit bytes into easily remem¬ 
bered two-character numbers. 

The hexadecimal digits are 0,1,2, 3, 
4, 5, 6, 7, 8, 9, A, B, C, D, E, and F. Don’t 
let the letters A-F confuse you. There 
are more than enough decimal digits for 
the binary and octal systems, but not 
enough for all sixteen hexadecimal dig¬ 
its. The letters A-F complete the six digit 
spaces beyond the ten digits 0-9. 

It’s easy to convert a binary byte into 
hexadecimal or simply hex. First, divide 
the byte into two nibbles. Then assign 
the hex equivalent to each nibble. 1111 2 
is F 16 and 0110 2 is 6 16 . Therefore, 
11110110 2 is F6 16 . 

To convert a hex number to binary, 
just assign the binary equivalent to each 
hex digit. Thus F6 16 is 1111 2 and 0110 2 
or 11110110 2 . 

Incidentally, though it’s correct to 
identify a hex number with a subscript 
16, it’s not necessary to tag on the sub¬ 
script if the number includes one of the 
six digits borrowed from the alphabet. 
Everyone seeing it will know it’s hex. 
Also, some computer companies identi¬ 
fy hex numbers with the $ sign. So F6E9 
is the same as $F6E9. 

Most of today’s microprocessors use 
8-bit address and instruction words, so 
you’ll often see programs given in octal 
or hexadecimal. While it takes time to 
become used to these new number sys¬ 
tems, especially hex, you’ll find them 


very handy 

as you 

become 

more in- 

volved with 

microprocessors. The con- 

version table given below will help you 




Hexa¬ 

Decimal 

Binary 

Octal 

decimal 

0 

0 

0 

0 

1 

1 

1 

1 

2 

10 

2 

2 

3 

11 

3 

3 

4 

100 

4 

4 

5 

101 

5 

5 

6 

110 

6 

6 

7 

111 

7 

7 

8 

1000 

10 

8 

9 

1001 

11 

9 

10 

1010 

12 

A 

11 

1011 

13 

B 

12 

1100 

14 

C 

13 

1101 

15 

D 

14 

1110 

16 

E 

15 

1111 

17 

F 


become more familiar with both octal 
and hexadecimal numbers. O 
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The Basic Logic Gates. All digital 
logic circuits, from the simplest counter 
to the most sophisticated microproces¬ 
sor, are made from interconnected com¬ 
binations of simple building-block cir¬ 
cuits called logic gates. There are four 
basic gates, and they are designated ac¬ 
cording to their function as YES, NOT, 
AND, and OR circuits. Each of these ba¬ 
sic gates has one or more inputs, a sin¬ 
gle output, and a couple of power supply 
terminals. 

Various combinations of the binary 
bits 0 and 1 can be applied to the inputs 
of a gate by allowing a low voltage to 
represent logic 0 and a high voltage log¬ 
ic 1. This is called positive logic. In nega¬ 
tive logic, the definitions are reversed. 

The YES gate transmits the logic state 
(0 or 1) at its single input directly to its 
output. It’s often used to interface logic 
circuits that are otherwise electronically 
incompatible. For this reason it’s often 
called a buffer. 

The NOT gate inverts or complements 
the logic state at its single input so it’s of¬ 
ten called an inverter. The NOT function 
is often indicated by a bar or vinculum 
over the symbol for an input or output 
that’s been inverted. Thus if A is 0 and B 
is 1, then A = B . (The B is read and 
sometimes written “not B.“) 

The AND gate is a decision making 
circuit with two or more inputs. The out¬ 
put of the AND gate is logic 0 unless all 
the inputs (inputs A and B and C . . . ) 
are logic 1. 

The OR gate is also a decision mak¬ 
ing circuit with two or more inputs. Its 
output is logic 0 unless any or all of its in¬ 
puts (input A or B or C . . . ) are 1. 

The operation of a gate can be de¬ 


fined by a table that shows the combina¬ 
tion of input bits that produces a particu¬ 
lar output bit. Such a table is called a 
truth table. The truth tables and stand¬ 
ard symbols for each of the four basic 
logic gates are shown in Fig. 1. 

Compound Logic Circuits. Com¬ 
bining two or more of the basic gates 
into a compound logic circuit can pro¬ 
vide some very important operating fea¬ 
tures. The two most important com¬ 
pound logic circuits are the AND-NOT 
and OR-NOT combinations. These are 
called the NAND and NOR gates and 
their symbols and truth tables are shown 
in Fig. 2. 

As shown in Fig. 3, various combina¬ 
tions of NAND (or NOR) gates alone can 
simulate YES, NOT, and AND circuits. 
This is important, but the most fascinat¬ 
ing characteristic of the NAND and NOR 
functions is their logic equivalence. 
Thanks to a rule known as DeMorgan’s 
theorem, a positive logic NAND gate is 
equivalent to a negative logic NOR gate 
and vice versa. 

You can prove this for yourself by writ¬ 
ing the appropriate truth tables and find¬ 
ing that they are indeed identical. De- 
Morgan’s theorem simplifies digital logic 
to the point where combinations of only 
NAND gates or NOR gates can imple¬ 
ment any logic function. Figure 4, for ex¬ 
ample, shows how NAND gates alone 
can implement both the OR and NOR 
functions. Notice how NAND gates are 
used as inverters to change the inputs 
from positive to negative logic. 

(Continued on page 118) 
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0 

0 

1 

1 
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A 

B 
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0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 


Fig. 1. The four 
basic logic gates: 

YES, NOT, AND, OR. 



A 

B 

OUT 

1 0 

0 

1 

Fig. 2. A NAND |_1 

0 

1 

0 

1 

1 | 

1 

Jj 


ga te and a NOR 
gate t with their 
repective truth 


tables below. 

YEs -{l| )°—{] 


A 

B 

OUT 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 



Fig .& Using NAND 
gates to simulate 
other gates. At 
top, YES; middle, 
NOT; bottom, AND. 



Fig. 4. Using NAND 

gates to prove nor 
DeMorgan’s theorem. 

At top, OR; on the 
bottom, NOR. 



Complex Logic Systems. Simple 
and compound gates can be tied togeth¬ 
er to implement a countless variety of 
logic functions. Some of the resulting 
logic systems contain only a handful of 
gates; others may use dozens or even 
hundreds of gates. All of these complex 
logic systems can be divided into two 
broad categories; combinational and se¬ 
quential. 

Combinational circuits are character¬ 
ized by their fast acting operation. Exclu¬ 
sive of the brief time delay required for 
its gates to react to an incoming logic 0 
or 1 (the propagation time), the output(s) 
of the most complex combinational cir¬ 
cuit instantaneously reflects the pattern 
of 0’s and 1 ’s at its input(s). 

Sequential circuits include storage or 
delay elements that permit the logic re¬ 
sult of a previous input to directly influ¬ 
ence a new input. This makes sequen¬ 
tial circuits slower than combinational 
circuits. On the other hand, it makes 
possible important applications such as 
memory registers, counters, dividers, 
sequencers, and microprocessors. 


Combinational Logic Circuits. 

The simplest combinational logic circuit 
is the Exclusive-OR gate. The symbol 
and truth table for this circuit are shown 
in Fig. 5. 

Look at the Exclusive-OR truth table 
for a moment. The Exclusive-OR func¬ 
tion is just that; it gives a logic 1 output 
only if one or the other of its two inputs is 
logic 1. Otherwise the output is 0. This is 
identical to the binary addition rules with 
the exception of the carry output needed 
for 1 + 1. 

It’s easy to generate the carry output 
bit needed to use the Exclusive-OR cir¬ 
cuit as a binary adder. Look at the logic 
circuit for an Exclusive-OR in Fig. 6. If 
you’ll study the operation of this circuit, 
you’ll find that the output of AND gate 1 
provides the carry output we need. In 
the other circuit in Fig. 6, we use this 
carry output to form a circuit that can 
add any two binary bits. It’s known as a 
half adder. 

A half adder is useful, but it can only 
accept two input bits. To complete the 
binary addition rules, we need an adder 
circuit that will accept a carry bit as well. 
The circuit that accomplishes this goal is 
the full adder. As you can see in Fig. 7, a 
full adder can be made from two half 
adders and an OR gate. 

It’s possible to connect a string of add¬ 
ers together to form a binary adder ca¬ 
pable of adding multiple-bit binary 
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words. Figure 8, for instance, shows a 4- 
bit adder that will sum two words applied 
to its inputs. Try adding 1101 +0101 us¬ 
ing this adder to prove to yourself it real¬ 
ly adds. 

A binary adder forms part of a micro¬ 
processor’s arithmetic-logic unit (ALU), 
a combinational circuit that performs ad¬ 
dition, subtraction, and various logic op¬ 
erations upon two incoming words. The 
ALU is instructed what operations it is to 
perform by binary signals applied to its 
control inputs. We’ll learn more about 
the ALU later in this course. 

Encoders and Decoders. An en¬ 
coder is a combinational network of OR 
gates that converts or encodes a nonbi¬ 
nary input into binary. For example, an 
octal-to-binary encoder has eight inputs 
(one for each octal digit) and three out¬ 
puts (one for each binary bit). A logic 1 
at one of the inputs produces the binary 
equivalent at the output. 

Encoders can provide other conver¬ 
sion operations, too. Keyboard encod¬ 
ers, for instance, convert individual key 
positions into their assigned binary 
words. An example is the ASCII (Ameri¬ 
can Standard Code for /nformation /nter- 
change) encoded keyboard, which gen¬ 
erates the 7-bit word 0100101 when the 
% key is pressed. 

A decoder is a combinational circuit 
that converts a binary number at its in¬ 
puts into a logic 1 at one or more of its 
outputs. In digital electronics it’s often 
necessary to convert a binary number 
into some other format, and one com¬ 
mon decoder application is the conver¬ 
sion of binary numbers into the format 
required to activate the appropriate seg¬ 
ments in a 7-segment decimal display. 

Decoders are also used to decode bi¬ 
nary instructions in a microprocessor, 
assist in the production of sequential 
timing signals for advanced logic cir¬ 
cuits, and convert binary numbers into 
their octal, decimal, and hexadecimal 
counterparts. Figure 9 summarizes the 
operation of encoders and decoders. 



Fig. 5. The 
combinational 
circuit at top 
proxndes an 
Exclusive-OR, 
as shown in 
the middle. 

The truth 
table is below. 



a half-adder 
combinatioxxal a- 
circuit. „ 


rr> 


Li> 


t> 


SUM 


HALF-ADDER 



Fig. 7. Two half adders and an OR gate 
ca n be used to make a full adder circuit. 


Multiplexers and Demultiplex¬ 
ers. The multiplexer is the digital logic 
equivalent of a multiple-position rotary 
switch. A typical multiplexer is a combi¬ 
national logic circuit that selects one of 
several input lines and applies any data 
on that line to a single output. A special 
set of address inputs determines which 
input line is selected. 

One typical multiplexer has eight data 
inputs, three address inputs, and a sin¬ 
gle data output. When the address 101 
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Fig. 8. A string of full adders 
connected together can be 
used to form a binary adder , 
capable of adding binary words. 


example: iioi = word a 

- >0101 = WORD B 

1001 0= SUM 
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IN 
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Fig. 9. An encoder is a combinational network 
that converts a nonbinary input to a binary 
output. A decoder does just the reverse. 
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Fig. 10. A multiplexer is the equivalen t of a 
multiple-position switch. A demultiplexer 
converts multiplexed data back to original form. 
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Fig. 11. Simplest flip-flop is made from two 
NAND’s or two NOR’s with truth tables as shown. 
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Fig. 13. A data, or 
D, flip-flop is 
made by adding an 
inverter to input 
of one flip-flop. 


Fig. 12. A clocked 
RS flip-flop is a 
sequential circuit 
ivith truth table 
as shown here. 
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Q 

Q 

0 

0 

1 

1 

1 
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is applied to the multiplexer, input 5 is 
connected to the output. 

A common application for multiplexers 
is driving the readouts of pocket calcula¬ 
tors to reduce the number of pin connec¬ 
tions on the calculator’s chip. The multi¬ 
plexer lets all the digits in the readout 
share a common set of terminals. It acti¬ 
vates each digit or one segment in all 
the digits in rapid succession to fool the 
eye into thinking the display is continual¬ 
ly illuminated. 

The demultiplexer transfers the binary 
data at its input onto one of two or mere 
output lines. Like the multiplexer, an ad¬ 
dress input controls the output. 

Demultiplexers are used with multi¬ 
plexers to convert multiplexed data back 
to its original form. They can even func¬ 
tion as decoders by applying a logic 1 to 
the single input and using the address 
inputs as data inputs. Figure 10 summa¬ 
rizes the operation of multiplexers and 
demultiplexers. 

Sequential Logic Circuits. Unlike 
combinational logic circuits, sequential 
circuits have memory. Their output(s) 
can reflect the effect of an input that oc¬ 
curred seconds or even days earlier. 

The simplest sequential circuit is the 
flip-flop. A microprocessor together with 
a read/write memory incorporates doz¬ 
ens—perhaps thousands—of flip-flops. 

There are several different kinds of 
flip-flops, but all are capable of storing a 
single binary bit. This makes possible 
such applications as counters, dividers, 
memory registers, and others. Here are 
the four basic kinds of flip-flops. 

The RS Flip-Flop. The simplest flip- 
flop is made from two NAND or NOR 
gates with crisscrossed inputs and out¬ 
puts as shown in Figure 11. This basic 
circuit is called a reset-set (RS) flip-flop 
or simply a latch. Figure 11 also shows 
the truth tables for NAND and NOR gate 
versions of the RS flip-flop. 

Notice that the two outputs of the RS 
flip-flop complement one another. When 
Q is logic 1, the flip-flop is set. When Q is 
logic 0, the flip-flop is reset or cleared. 

Clocked RS Flip-Flop. The basic RS 
flip-flop is asynchronous ; it responds to 
inputs as soon as they occur. A way to 
synchronize the operation of the RS flip- 
flop with other logic circuits is to gate its 
inputs so they can respond only when 
activated by a logic 1 from a clock. A 
clock is a sequential circuit that pro¬ 
duces a stream of alternating 0’s and 
1 ’s. Fig. 12 is a clocked RS flip-flop 

The Data or D Flip-Flop. The D flip- 
flop is a further modification of the 
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clocked RS flip-flop. As shown in Figure 
13, an inverter is added to one of the two 
inputs of the flip-flop and the remaining 
input and the inverter’s input are tied 
together. This guarantees that the inputs 
to the RS section of the flip-flop will al¬ 
ways complement one another. And it 
insures that the logic state of the Q out¬ 
put will always correspond to the logic 
state of the D input. 

The JK Flip-Flop . The JK flip-flop is a 
clocked RS flip-flop with a refinement 
that allows a logic 1 to be simultaneous¬ 
ly applied to both inputs. Figure 14 
shows the logic circuit and truth table for 
this flip-flop. The JK flip-flop can easily 
simulate any of the other kinds of flip- 
flops, so it’s commonly used in sequen¬ 
tial logic circuits. 

The JK flip-flop can be used to make a 
toggle or T flip-flop. The J and K inputs 
are tied together and called the T input. 
When a logic 1 is applied to T, the flip- 
flop changes state or toggles each time 
a clock pulse arrives. 

Storage Registers. A string of D flip- 
flops called a register can be used to 
store a binary word. A register like this 
can be made far more useful by adding 
some combinational logic to simultane¬ 
ously clear all the flip-flops to 0 when a 
logic 1 is applied to a clear input. A load 
input can also be added to force the reg¬ 
ister to ignore incoming data. When the 
load input is logic 1, the input data will be 
accepted by the register when the next 
clock pulse arrives. 

Data storage registers like this are 
sometimes called buffer registers. 
They’re used in logic circuits and in mi¬ 
croprocessor units to temporarily hold a 
data word. 

Shift Registers. Considerably more 
versatile than the buffer register is the 
shift register shown in Fig. 15. This par¬ 
ticular register accepts data a bit at a 
time (serial input) while making available 
the contents of all its flip-flops simultane¬ 
ously (parallel output). The data bits in 
the register are shifted right a bit at a 
time by clock pulses to make room for 
incoming bits. 

Universal shift registers that can ac¬ 
cept and output data as serial bits or 
parallel words as well as shift the data 
left or right are available. The various 
operations of a universal shift register 
are selected by applying logical 0’s and 
1’s to an array of control inputs. Micro¬ 
processors incorporate at least one shift 
register to perform some of the data ma¬ 
nipulation required to multiply and divide 



Fig. 14. The JK flip-flop is a clocked RS 
flip-flop that allows a logic 1 to be 
simultaneously applied to both inputs. 
Shown here is a NOR gate version with 
truth tables for Q = 0 and Q = 1. 
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Fig. 15. This shift register made from 
D flip-flops accepts data a bit at a time 
and has a serial output as well as 
parallel outputs from each flip-flop. 
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Fig. 16. A four-bit counter made from 
T flip-flops that ivill count from 
0000 to 111 1 and then recycle. 
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binary numbers. 

Counters. Remember the toggle or T 
flip-flop we discussed earlier? The Q 
output of this flip-flop alternates between 
logic 0 and 1 for each incoming clock 
pulse: 0 ... 1 ... 0. .. 1 ... In 
other words, the Q output is logic 1 for 
half the incoming clock pulses. This 
means a single flip-flop can be used to 
divide an incoming stream of bits by two. 
The Q output of a toggle flip-flop also 
counts! Thus, 0 ... 1 ... 0 .. . 
1 . . . is the same as counting from 0 to 
1 in binary over and over again. 


Higher capacity binary counters (and 
dividers) can be made from a string of T 
flip-flops. Just connect the Q output of 
one flip-flop to the clock input of the next 
flip-flop. Figure 16, for instance, shows a 
4-bit counter made from four T flip-flops. 
This counter will count from 0000 to 
1111 and then recycle. 

There are many different kinds of flip- 
flop counters. The modulo of a counter 
specifies the maximum count it reaches 
before recycling. Modulo 10 counters 
are very popular because they recycle 
after the tenth input pulse and therefore 
provide a convenient way to count in 


decimal. They are often called BCD (bi¬ 
nary coded decimal) counters. Their 


count sequence is 0000 (0 10 ) . . . 0001 

( 1 10 ) ... 0010 ( 2 10 ). 1001 

(9 10 ) • • 0000 (0 10 ) .... 


Counters can have a variety of control 
inputs. A typical counter, for example, 
can count up or down. It may also have 
control inputs for clearing the count to all 
0’s, presetting the count to any desired 
value, and enabling the counter to 
count. Finally, since counters store the 
accumulated count until the next clock 
pulse arrives, they can be considered 
storage registers. O 


PART 3. 

MEMORIES, BUS ORIENTED LOGIC, 

AND MICROPROCESSOR ORGANIZATION. 

Micro- 

PROCESSOR 

MICROCOURSE 


I N PRECEDING parts of this course, 
we learned about binary, octal, and 
hexadecimal number systems. We also 
covered basic logic gates and combina¬ 
tional and sequential logic circuits. 

This installment will describe semi¬ 
conductor memories and show how 
three-state logic allows a logic circuit to 
transfer data to one or more other cir¬ 
cuits over a common array of conduc¬ 
tors called a bus. It will conclude with a 
look at the basics of microprocessor (or 
MPU) organization. 

Memories. A microprocessor alone is 
merely a collection of logic circuits on a 
silicon chip, and must be provided with a 
detailed list of instructions called a pro¬ 
gram before it can perform useful work. 
The program, along with input data and 
even output data from the microproces¬ 
sor, is stored in a memory. 

Memories store information as in¬ 
dividual bits (0’s and I s) or bit patterns 
(words). As we learned in Part 1, a bi¬ 
nary word can indicate a numerical val¬ 
ue (data), a memory address, or a corn- 
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puter instruction. This makes a memory 
device an exceptionally versatile com¬ 
ponent and an indispensable partner to 
the microprocessor. 

Microprocessors can be used in con¬ 
junction with any kinds of memories 
ranging from magnetic bubbles and 
cores to cassette tapes and floppy disks. 
The two most important microprocessor 
memories, however, are semiconductor 
ROM's and RAM's. 

ROM’s are read-only memories, since 
they contain information that can only be 
read out, and not modified or erased. 
RAM's are read/write memories, and 
they generally store temporary data. 
The data they store can be easily modi¬ 
fied or erased. 

Both ROM’s and RAM’s are available 
as integrated circuits with dozens to 
thousands of individual binary storage 
cells printed, etched, diffused, and inter¬ 
connected with an aluminum metaliza- 
tion pattern on a silicon chip. Thanks to 
the ingenious use of on-chip combina¬ 
tional logic decoders, it's possible to ac¬ 
cess all the storage cells in even a very 


large memory with relatively few input 
lines. A simplified view of how an ad¬ 
dress decoder accomplishes this is 
shown in Fig. 1. As you can see, simply 
applying the appropriate address to the 
memory’s address lines causes the des¬ 
ignated bit or word to appear on the out¬ 
put lines. 

ROM's and RAM's store data as in¬ 
dividual bits or multiple bit words (usual¬ 
ly 4-bit nibbles or 8-bit bytes). Either 
way, the address decoder insures a fix¬ 
ed and very rapid time to access any bit 
or word in the memory. This feature is 
called random access. Serial access 
memories, like magnetic tape and high- 
capacity shift registers, are slower since 
their contents must be searched bit-by- 
bit to find a specified address. 

ROM. The typical ROM is an array of in¬ 
tersecting conductors as shown in Fig. 
2. A diode connecting two intersecting 
conductors represents a logic 1. The 
absence of a diode at an intersection is 
a logic 0. Information is stored in a ROM 
when it is manufactured and is therefore 
permanent. The information can be read 
out, but new information can never be 
written into the ROM. 

ROM's can store binary data, ad¬ 
dresses, or instructions. They can even 
simulate a logic circuit. Figure 3, for ex¬ 
ample, shows a diode ROM pro¬ 
grammed with the truth table of the Ex- 
clusive-OR circuit. This circuit normally 
requires at least four logic gates, each 
containing several transistors. As you 
can see, the ROM version is considera¬ 
bly simpler. 

It’s easy to program a ROM to simu¬ 
late virtually any combinational logic cir¬ 
cuit. and to illustrate this, Fig. 4 shows a 
ROM programmed as an octal-to-binary 
encoder, a circuit usually designed with 
ELECTRONIC EXPERIMENTER’S HANDBOOK 
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Fig. 1. How an address 
decoder simplifies 
access to a word stored 
in a ROM or R/WM. 


a network of OR gates. Designing this 
encoder using logic gates is both tedi¬ 
ous and time consuming, but anyone 
can design a ROM encoder. All that’s 
needed is the appropriate truth table, 
such as that shown below: 
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placement of the diodes in the ROM cor¬ 
responds to the 1's in the output half of 
the truth table? The ROM is now pro¬ 
grammed as an octal-to-binary encoder. 

Using a ROM is as easy as program¬ 
ming it. Just activate the appropriate in¬ 
put line and the designated bit pattern 
appears on its output lines. 

ROM’s are available as reasonably 
priced standard parts programmed for 
such roles as encoders, decoders, and 
look-up tables of trigonometric and other 
mathematical functions. Semiconductor 
companies will also make custom 
ROM’s upon request, a rather costly 
procedure unless thousands of identical 
ROM’s are ordered. But how about a 
few one-of-a-kind custom ROM’s for 
prototype or hobbyist applications? 

The best solution here is the pro¬ 
grammable ROM or PROM. A PROM is 
a ROM with diodes at all its storage lo¬ 
cations. A truth table is loaded into the 
PROM by applying brief, high-current 
pulses to the inputs connected to the di¬ 
odes that are not wanted. This vaporizes 
a thin layer of metalization called a fusi¬ 
ble link that connects the diode to the 
PROM's conductors. 

PROM’s, like ROM’s, cannot be 
erased once they are programmed 
(though additional fusible links can be 
blown). A special erasable PROM, how¬ 
ever, is available. It’s programmed elec¬ 
trically and erased with ultra-violet radia¬ 
tion beamed through a quartz window 
that covers the silicon chip. 

Various kinds of ROM’s and PROM’s 
can store from hundreds to thousands of 
bits. Since ROM's with storage capaci¬ 
ties of from 2 8 (256) to 2 16 (65,536) bits 
are the most common, ROM’s (and 
RAM's) are often designated with a “k” 
factor that gives an approximation of 
their storage capacity—k comes from 


kilo and means 1.000. Thus a Ik memo¬ 
ry stores 1,024 (2 10 ) bits, and a 4k mem¬ 
ory stores 4,096 (2 1 *) bits. 

Some memories store data as single 
bits. Therefore, a 1 x 256-bit ROM 
stores 256 bits of data, and an 8 x 256- 
bit ROM stores 256 8-bit bytes. 

RAM. A RAM, like a ROM, consists of 
an intersecting grid of conductors on a 
silicon chip. However flip-flops, not di¬ 
odes, are placed at the intersections in 
the grid. Since flip flops can be made to 
change states, this means the data 
stored in a RAM can be electrically al¬ 
tered or erased. It also means RAM’s 
are more complicated and therefore 
more expensive than ROM’s. 

ROM’s are classified as nonvolatile 
memories since they store information 
without the presence of electrical power. 
RAM's are volatile. Remove the operat¬ 
ing power from a RAM (even momen¬ 
tarily) and its stored information is lost 
since the internal flip-flop can assume 
either state at random. 

RAM’s are sometimes used to store 
the kind of information stored in ROM’s. 
More frequently, however, they’re used 
for microprocessor data and program 
storage, temporary data storage, and for 
any application that requires a quickly 


alterable truth table. 

A simple 4-bit register can be thought 
of as a RAM that can store a single 4-bit 
word (a 1 x 4-bit RAM). But practical 
RAM’s have substantially more data 
storage capacity. Today, RAM’s capable 
of storing 16k (16,384) bits and up to 
64k (65,536) bits are available. Large- 
capacity RAM’s like these can be oper¬ 
ated in parallel to provide storage for 
multiple bit words. 

Other Memories. Semiconductor 
RAM’s AND ROM’s are by far the most 
important microprocessor memories in 
use today. Other kinds of memories are 
also available, and since memories play 
such a vital role in the operation of a mi¬ 
croprocessor you should at least be 
aware of them. 

An important new semiconductor 
memory is the charge-coupled device 
(CCD). This device stores data as an 
electrical charge that can be moved 
from one memory cell to the next like a 
pail of water moving down a bucket bri¬ 
gade. The presence of a charge is logic 
1 while no charge is logic 0. Since they 
must be accessed serially, CCD’s are 
slower than ROM’s and RAM’s. How¬ 
ever, CCD’s can store more data on a 
silicon chip than a similar size ROM or 



Fig. 2. A ROM is an 
array of i ntersecting 
conductors. When a 
diode connects the 
conductors , a logic 
1 is represented. 
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Fig. 3. At upper right is the 
logic symbol for Exclusive-OR , 
with its truth table at left. 
Below is the diode ROM 
for the same function. 


RAM because the elaborate address de¬ 
coders needed for random access aren’t 
used. CCD’s are read/wriie devices. 

Magnetic bubble memories provide 
high-capacity read/write, nonvolatile 
data storage. Bits are stored as the 
presence (1) or absence (0) of micro¬ 
scopic magnetic cylinders called do¬ 
mains in a thin film of magnetic garnet or 
orthoferrite. The cylinders, which resem¬ 
ble bubbles when viewed on end 
through a microscope, can be rapidly 
moved along a path defined by a pattern 
of metallized bars, chevrons, or other 
shapes. The metal shapes are magnet¬ 
ized in different directions by a rotating 
magnetic field, and this causes the bub¬ 
bles to move from one bar to the next. 

Magnetic tape and floppy disk memo¬ 
ries are commonly used with sophisti¬ 
cated microprocessor systems such as 
computers. There are several ways to 
store bits of data on magnetic tape, one 
of which is to encode logic 0 and 1 as 
two different audio frequency tones. 
Cassette recorders are inexpensive, 
readily available, and ideal for loading 
programs into the RAM of a micro¬ 
processor-based computer. 


The floppy disk is a record-like disk of 
flexible plastic coated with the same 
magnetic substance used to make re¬ 
cording tape. Bits are stored as the pres¬ 
ence or absence of magnetized spots on 
as many as a hundred or more concen¬ 
tric data tracks around the surface of the 
disk. The disk is spun at high speed, and 
a read/write head on a movable track 
permits access to any data track. Floppy 
disks provide very high capacity storage 
with considerably faster access times 
than magnetic tape. But floppy disk sys¬ 
tems are expensive; they often cost 
more than the computer. 

Three-State Logic. Thus far we’ve 
learned something about basic logic 
gates, combinational and sequential log¬ 
ic circuits, and memories. We’re almost 
ready to begin using these various de¬ 
vices as electronic building blocks to de¬ 
sign a microprocessor. All that remains 
is to introduce a new kind of logic circuit 
called the three-state gate. 

As you will recall from Part 1, the out¬ 
put of all the logic gates and circuits 
we've covered so far is various combi¬ 
nations of 0’s and 1’s. This is known as 
two-state logic. 

A third output called the high-imped¬ 
ance (high-Z) state is available in three- 
state logic. In the high-Z state the output 
of a three-state gate is electronically dis¬ 
connected from the gate. It’s as if an on- 
off switch between the gate and its out¬ 
put line were turned off. In conventional 
operation, when the switch is on, 0’s and 
1 ’s appear at the output. 

A simple three-state buffer is shown in 
Fig. 5. When the control (or enable) in¬ 
put is logic 1, the buffer transmits the 
logic state (0 or 1) at its input to its out¬ 
put. When the control input is logic 0. the 
output enters the high-Z state. 

All the basic gates are available in 
three-state versions. And many kinds of 
more advanced circuits such as flip- 
flops, counters, registers, and combina¬ 
tional networks are available with three- 
state outputs. 
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Fig. 4. A ROM programmed 
as an octal-to-binary 
encoder , a circuit usually 
designed with OR gates. 

Three-state logic makes it possible to 
connect the output of two or more logic 
circuits to a common conductor called a 
bus. It’s not possible to connect the out¬ 
puts of two or more two-state gates to 
the same bus since some outputs may 
be logic 0 and others logic 1. Three- 
state logic means many gates can be 
connected to the same bus so long as 
the output of all but one of the circuits is 
in the high-Z state. 

Several three-state buffers are con¬ 
nected to a common bus as shown in 
Fig. 6. Look at this circuit for a moment. 
Notice how the array of control inputs 
(C) allows data to be guided from any of 
the three inputs to either or both of the 
outputs. This operation is similar to that 
of a multiplexer, and three-state logic is 
sometimes used to simulate a multiplex¬ 
er. More importantly, the circuit allows 
data to travel along the bus in either di¬ 
rection. That’s why a three-state bus is 
often called bidirectional. 

Register-to-Register Data Trans¬ 
fers. A typical microprocessor contains 
several data storage registers. Three- 
state logic provides an efficient way to 
transfer data from one of these registers 
to another. 

Figure 7 shows three 4-bit registers 
connected to a common 4-conductor 
bus. The output of each register is con¬ 
nected to the bus through a 4-bit three- 
state buffer. This is why both the input 
and output lines from a register can be 
connected to the same bus. 

Each register in Fig. 7 has three con¬ 
trol inputs; Read, Write, and Clock. A 
logic 0 at its Read input places a regis¬ 
ter’s output in the high-Z state and iso¬ 
lates the data stored in it from the bus— 
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and therefore the other registers. A logic 
1 at the Read input enables the three- 
state buffer and places the data in the 
register on the bus. Note that only one 
register can be in the Read mode at any 
one time; otherwise two or more regis¬ 
ters will conflict with one another. 

Data on the bus can be written into 
one or more registers by applying a logic 
1 to the appropriate Write inputs. When 
the next clock pulse arrives, the data will 
be written into the selected register (s). 

Let’s try a data transfer from register A 
to register C in Fig. 7. First, place A s 
Read input at logic 1. Then place C’s 
Write input at logic 1. When the next 
clock pulse arrives, the contents of A will 
be copied into C. Register A will contin¬ 
ue to retain its data, but the data in C will 
be lost. 

You can use this simple procedure to 
transfer the contents of register A, B, or 
C to either or both of the remaining reg¬ 
isters. What control inputs would you 
place at logic 1 to transfer the data word 
in register C to registers A and B? 

The Concept of Control. We re al¬ 
most ready to see how a microprocessor 
is put together. First, let’s think about the 
control inputs to the three registers in 
Fig. 7. 

There are nine authorized ways to 
transfer data among these registers: A 
into B; A into C; B into A; B into C; C into 
A; C into B; A into B and C; B into A and 
C; and C into A and B. A convenient way 
to categorize these data transfer options 
is to list them next to the bit pattern re¬ 
quired at each of the control inputs as 
shown in the box on page 124. 

Now each of the transfer possibilities 
is identified by its own binary control 
word. In a microprocessor, the control 
words that transfer data between regis¬ 
ters and perform many other operations 
are called microinstructions. 

Often it’s necessary to make several 
transfers, one after another, between 
registers. For instance, one possible se¬ 
quence using the circuit in Fig. 7 is A into 
B; B into C; and C into A. From the table 
above, the microinstructions required for 
these operations are: 

100100 

001001 

010010 

In a microprocessor, a sequence of 
microinstructions that carries out a spe¬ 
cific series of operations like this is 
called a microroutine. 

Microprocessors have a special con¬ 


trol section that automatically generates 
the microroutines necessary to transfer 
data inside the microprocessor and per¬ 
form many other operations as well. 

The Microprocessor. The function 
of a conventional digital logic circuit can¬ 
not be significantly changed without ex¬ 
tensive rewiring. The microprocessor is 
radically different. It can be made to per¬ 
form many different functions simply by 
changing a sequence of binary words or 
instructions stored in one or more mem¬ 
ory chips which are external to the mi¬ 
croprocessor. 

Its programmable nature makes the 
microprocessor essentially identical to 
the central processing unit of a digital 
computer. Add an external memory chip 
to store instructions and data, and a mi¬ 
croprocessor becomes a microcomput¬ 
er. Some recent microprocessors in¬ 
clude on-chip memory for instructions 
and data and are called single-chip mi¬ 
crocomputers. 

Though a microprocessor can be 
used as part of a computer, there are 
numerous, less glamorous but equally 
important, applications ranging from 
traffic-light controllers and electronic 
scales to “smart” test instruments and 


pocket calculators. In many of these ap¬ 
plications the microprocessor's program 
is permanently stored in a ROM. Several 
of these types of memories containing 
different programs can be used with the 
same microprocessor to accomplish 
various applications. 

Microprocessor Organization. A 

minimal microprocessor contains a con¬ 
trol section, a program counter that 
steps through the instructions and data 
stored in an external memory, several 
data and instruction registers, and an 
arithmetic logic unit (ALU). One way 
these circuits can be organized with re¬ 
spect to one another and to both a con¬ 
trol and an address/data bus to form an 
ultra-simple microprocessor is shown in 
Fig. 8. 

There’s nothing remarkable or unusu¬ 
al about any of these circuits. What’s im¬ 
portant is the way they’re connected to 
the two buses. Let’s look at some of the 
operations performed by each of the 
sections in our basic microprocessor. 

Control Section. The control section 
is the nerve center of a microprocessor. 
A typical microprocessor can execute 
perhaps fifty or more different instruc- 


Fi(j. 5. Simple three-state 
buffer can be represented 
by switch as shown at top. 
Below is its logic symbol 
and truth table. 


Fig. 6. Three-state 
buffers connected to 
a common bus. Since 
data can travel either 
way , the bus is 
called bidirectional. 
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Fig. 7. Three 4-bit registers 
connected to a common 4-conductor 
bus through 4-bit three-state buffer. 
Th e t h ree co n t rot i n p u t s a re: 

Read , Write , and Clock. 


tions in almost any combination or se¬ 
quence. (We ll look at some representa¬ 
tive instructions later.) It’s the role of the 
control section to fetch instructions one 
at a time from the ROM or RAM program 
memory connected to the microproces¬ 
sor's address/data bus, decode and 
then execute them with a sequence of 
microinstructions; after which, it fetches 
the next instruction. 

Program Counter. The program 
counter keeps track of a program that’s 
being executed. It's simply a counter 
whose outputs are used as address in¬ 
puts to the external memory containing 
the program and data being processed 
by the microprocessor. 

The program counter and the ad¬ 
dress/data bus control how many words 
of external memory can be accessed by 
a microprocessor. Thus a 4-bit program 
counter can access a 16-word (2 4 ) mem¬ 
ory. An 8-bit program counter can ac¬ 
cess 256 (2 8 ) words, and a 16-bit pro¬ 
gram counter can access 65,536 (2 ,e ) 
words. 

Normally the program counter se¬ 


quences through a program one step at 
a time in ascending numerical order. 
Certain instructions, however, can load 
the program counter with a new data 
word which it will then use as the next 
external memory address. This allows 
the microprocessor to branch or jump to 
different parts of a program or loop 
through a specified section of program 
more than once. 

Branching and looping can be uncon¬ 
ditional or conditional. In the latter case, 
the program counter will receive a new 
address only if a specified condition is 
met (for example, a negative result of a 
previous calculation, etc.). 

Registers. A microprocessor has sev¬ 
eral registers for the temporary storage 
of data, addresses, and instructions. 
The memory address register stores the 
address from the program counter until 
it’s time for the control section to fetch a 
new address. The instruction register 
stores the instruction fetched from the 
external memory until it’s been executed 
and a new instruction has been fetched. 
Various data registers store words 


awaiting further processing and act as 
output buffers. 

The accumulator register stores inter¬ 
mediate and final results of operations 
by the ALU. It may have the ability to in¬ 
crement (add 1 to) or decrement (sub¬ 
tract 1 from) a word as well as shift a 
word left or right a bit at a time. Often 
data entering and leaving a micro¬ 
processor must pass through the ac¬ 
cumulator. Therefore it’s the most im¬ 
portant register in a microprocessor. 

Arithmetic Logic Unit. The ALU 

can perform arithmetic or logic opera¬ 
tions on one or two data words. The ac¬ 
cumulator is closely associated with the 
ALU. Typically, the accumulator sup¬ 
plies one of the words to be processed 
by the ALU. The result is then fed from 
the ALU’s output back to the accumula¬ 
tor over the address/data bus. 

MPU Programming. So far we’ve 
emphasized the hardware aspects of 
microprocessors. Hardware, of course, 
is important; but without software, the 
programs that tell a microprocessor 
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what to do, a microprocessor is of no 
practical use. You might say software is 
to a microprocessor what recipes are to 
a cook. 

A microprocessor has dozens of in¬ 
structions in its instruction set, and it’s 
the job of the programmer to combine 
some or all of them in a way that will 
cause the microprocessor to accomplish 
a given task. 

One common microprocessor instruc¬ 
tion is load the accumulator or simply 
LDA. This instruction loads the ac¬ 
cumulator with the data word which fol¬ 


lows it in the program. Incidentally, LDA 
is an abbre viated form of the instruction 
called a mnemonic by programmers. 

Other common microprocessor in¬ 
structions are JMP (jump unconditional¬ 
ly to the specified address); JZ (jump 
only if a zero is loaded in a special flip- 
flop); JP (jump only if the result of an op¬ 
eration is positive); CLA (clear the ac¬ 
cumulator to 0); ADD (add contents of 
accumulator and data register and place 
sum in accumulator); MOV (move data 
from one specified register to another); 
RAL or RAR (rotate the bits in ac¬ 


cumulator left or right); and HLT (halt the 
microprocessor). 

Of course these instructions are only 
representative of those available with 
real microprocessors. Nevertheless, 
they provide an excellent illustration of 
the computer-like power of the micro¬ 
processor. 

Now we’ll introduce PIP-2,, a simple 
Programmable /nstruction Processor 
that demonstrates many fundamentals 
of microprocessor operation. We’ll study 
PIP-2’s operation in detail and learn how 
to program it. 0 


PART 4. PIP-2 
AN ULTRA-SIMPLE 
EDUCATIONAL 
MICROPROCESSOR. 

Micro- 

PROCESSOR 

MICROCOURSE 


I N PART 3 of this series, we learned 
about semiconductor memories and 
how three-state logic allows data trans¬ 
fer over a bidirectional data bus. We 
also looked at the basic organization of 
a microprocessor. 

Now we’re going to meet PIP-2,a very 
simple, 4-bit educational microproces¬ 
sor. Though PIP-2 is not as powerful as 
the 8080, Z80, 6502 and other real- 
world microprocessors, it illustrates 
some of the more important operating 
features of microprocessors. 

Introducing PIP-2. P/P is an 

acronym for Programmable Instruction 
Processor. PIP-2 is a simplified succes¬ 
sor to PIP-1, an educational computer 
described in detail in Understanding 
Digital Computers , a book pub¬ 
lished by Radio Shack. 

While PIP-2 is simple, it has many of 
the elements of a sophisticated micro¬ 
processor. For example, PIP-2 contains 
a built-in program memory—so it really 
qualifies as a microcomputer. Since it 
also contains a microprogrammable 
control ROM. this means that its instruc¬ 


tion set can be revised, or replaced, by 
entirely new instructions. 

PIP-2’s Organization. A block dia¬ 
gram of the major components of PIP-2 
is shown in Fig. I. As you can see, PIP-2 
is a bus-organized microprocessor. All 
of its sections are connected to a 4-bit 
bidirectional bus which permits data and 
memory addresses to be transferred 
from one section to one or more other 
sections connected to this bus. 

Remember from Part 3 that only one 
section can read data onto a bidirection¬ 
al bus at any one time. PIP-2 meets this 
operating restriction by employing three- 
state outputs on all sections designed to 
read data onto the bus. This isolates the 
output of those sections from the bus 
until they are activated (one at a time) by 
an appropriate enable signal from 
PIP-2's control section. 

Let's now take a look at each of the 
sections in PIP-2. 

Input. A row of four toggle switches, a 
load switch and an initiate switch com¬ 
prise PIP-2’s input. All these switches 


are shown in Fig. 2. a front-panel ar¬ 
rangement that allows PIP-2 to be used 
like a microcomputer. 

Applying power to PIP-2 automatically 
clears the A and B registers, the pro¬ 
gram counter and the program memory 
to all 0's. This permits a program to be 
loaded into the program memory by sim¬ 
ply switching in a binary instruction or 
data word and pressing the load switch. 

Up to sixteen 4-bit instructions and 
data words can be loaded into PIP-2’s 
program memory. After the program is 
loaded, the program counter is cleared 
to 0000 by pressing the initiate switch. 
This returns the program counter to the 
first memory address in the program 
memory in preparation for running the 
program. 

Program Memory. This is a 64-bit 
read/write memory (RAM) organized as 
sixteen 4-bit words or 'nibbles.” The 
RAM has a three-state output to keep its 
instructions and data isolated from the 
address data bus until they're needed. 

The program memory has a single 
control input. RAM/R (R read). When 
RAM/R is low, the three-state output is 
enabled, and the RAM reads the word 
addressed by the program counter onto 
the address data bus. When RAM/R is 
high, instructions and data can be load¬ 
ed into the RAM. 

Program Counter. This is a 4-bit bi¬ 
nary counter. PIP-1 and many real mi¬ 
croprocessors have a special memory 
address register that saves the contents 
of the program counter until it’s time to. 
advance to the next memory address. In 
PIP-2, the program counter doubles as a 
memory address register. 

The program counter has three con¬ 
trol inputs. A “low” that’s supplied to 
PC/C by pressing the initiate switch 
clears the counter to 0000. The rising 
edge of a pulse applied to PC/I incre- 
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Fig. 1. Block 
(/iayra m showiny 
organization 
of the PIP-2 
mic coprocessor. 


merits the program counter to the next 
higher count. A low at PC/W (W write) 
writes any data on the address data bus 
into the program counter. This is a valu¬ 
able feature since it means the program 
counter can branch to any address in 
the program memory. 

A and B Registers. These are stand¬ 
ard 4-bit data registers with three-state 
outputs. Each has two control inputs and 
a clock input (02). 

When A/R or B/R is low, data is read 
from the selected register onto the ad¬ 
dress/data bus. When A/W or B/W is 
low, any data on the address/data bus is 
written into the selected register when 
the next clock pulse (02) arrives. 

Adder. This is a 4-bit combinational 
logic circuit that continually sums the 
contents of the A and B registers. The 
sum is isolated from the address/data 
bus by a three-state buffer. When 
ADD/R is low. the buffer is enabled and 
the sum is placed on the bus. 

Output. PIP-2’s output consists of four 
light emitting diodes (LED’s) that con- 
128 


tinually show the contents of the B regis¬ 
ter. It’s possible, of course, to connect 
external devices in place of the LED’s. A 
4-line to 16-line decoder, for example, 
would permit PIP-2 to control any one of 
up to sixteen external devices. 

Control. This is the electronic nerve 
center of PIP-2. Control fetches instruc¬ 
tions from the program memory and 
executes them one by one under the 
perfectly synchronized control of timing 


signals (01 and 02) produced by the 
clock. 

Control consists of a 128-bit ROM or¬ 
ganized as sixteen 8-bit bytes, an ad¬ 
dress decoder, several microinstruction 
decoders and a two-phase clock. 
PIP-2's instruction register doubles as a 
. microprogram counter and is so closely 
associated with control that it can be 
considered part of it. 

Control’s ROM contains a sequence 
of from one to five microinstructions for 
each of the various microroutines nec¬ 
essary to execute PIP-2’s six instruc¬ 
tions. As you’ll recall from Part 3, individ¬ 
ual microinstructions implement simple 
operations such as data transfers from 
one register to another, etc. 

PIP-2’s Instruction Set. PIP-2 can 
process six separate instructions. Each 
instruction is identified for humans by a 
type of shorthand called a mnemonic 
(memory aid) and for PIP-2 by a 4-bit 
nibble called an operation code or in 
simple terms an op-code. 

Some of the instructions require only 
one program memory address, while 
others are followed by a data word. 
These latter instructions require two pro¬ 
gram memory addresses and are called 
memory reference instructions. For ex¬ 
ample, 

0001 (LDA) 

1111 (data) 

is the format for a memory reference in¬ 
struction that loads the A register (LDA) 
with the data word 1111. 

Shown in the box below is a table that 
summarizes PIP-2's instructions set. 
These instructions are so simple that 
they really need no further explanation. 
It will be easier to apply them in actual 
programs, however, if we know some¬ 
thing about how and why they’re used. 
Therefore let’s discuss the instructions 
one by one. 


Fig. 2. Front-panel 
arrangement to 
facilitate 

o iteration of PI P-2. 
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PIP-2’s INSTRUCTION SET 

Mnemonic 

Op-Code 

Nibbles 

Operation 

NOP 

1111 

1 

no operation. 

LDA 

0001 

2 

load A with next nibble. 

(nibble) 

(xxxx) 



ADD 

0101 

1 

add A ^ B; store sum in A. 

JMP 

1000 

2 

jump to address in next nibble. 

(address) 

(xxxx) 



MOV 

1011 

1 

move A into B: save A. 

HLT 

1110 

1 

halt the microprocessor. 


NOP. Pronounced "no-op,” this is a 
do-nothing instruction with several valu¬ 
able applications. You can use a NOP or 
two to reserve space in a program for an 
instruction or two you might want to add 
later. And you can use NOP’s to replace 
instructions you remove from a program 
without rewriting the program. Finally, 
you can use NOP’s to add a predictable 
time delay to a program. This is handy 
for calibrating a program that loops 
through a cycle of instructions again and 
again to act like a timer. 

LDA. This memory reference instruc¬ 
tion (load A) loads the A register with the 
data nibble in the next program memory 
address. It is used to temporarily store a 
nibble for addition or later transfer to the 
output or program counter. 

ADD. This single-step instruction initi¬ 
ates a string of five microinstructions 
that adds the contents of the A and B reg¬ 
isters and places the sum in the A regis¬ 
ter. It is used for ordinary addition, and 
to increment the nibble in the A register 
by some specified number (often 1). In¬ 
cidentally, ADD uses the A register like 
the accumulator register found in real 
microprocessors. 

JMP. This (jump) is a very powerful in¬ 
struction that orders the program count¬ 
er to branch (or jump) to the address in 
the program memory specified in the fol¬ 
lowing nibble. JMP is used to set up a 
loop, a program or section of a program 
that continues to execute again and 
again until PIP-2 is halted by pressing its 
stop button. 

MOV. This register-transfer instruc¬ 
tion has several applications. As an out¬ 
put instruction, it allows PIP-2’s operator 
to see the contents of the A register on 
the LED readout (output). It also allows 
you to accomplish the equivalent of a 
LDB (load B) instruction by preceeding it 
1981 EDITION 


with LDA (load A). And, it lets you dou¬ 
ble a number by following it with an 
ADD. 

HLT. This instruction (halt) is placed 
at the end of all PIP-2 programs. It disa¬ 
bles the clock in the control section, thus 
preventing PIP-2 from executing any ad¬ 
ditional instructions. 

How to Program. Let’s write a simple 
program for PIP-2 that continually incre¬ 
ments the number in the A register by 
one and displays the updated count on 
the LED readout of the output. Here’s 
the program: 

Program 

Memory Address Mnemonics/Data 


0000 

LDA 

0001 

0001 

0010 

ADD 

0011 

MOV 

0100 

JMP 

0101 

0000 

0110 

HLT 


It’s easy to see how this program 
works. When PIP-2 is started, both the A 
and B registers are cleared to 0000. This 
means that the first three instructions 
load 0001 into A, add A to B and store 
the sum (0001) in both A and B. JMP 
loops the program back to line 0000 for 
another cycle. LDA replaces the con¬ 
tents of A with 0001 first. Register B also 
contains 0001 so ADD gives 0010. The 
sum, 0010, is moved into B and dis¬ 
played on the readout. 

Again, JMP loops the program back to 
line 0000 and the process continues. 
The result is that the readout flashes a 
binary count of 0000 to 1111 and contin¬ 
ues repeatedly until PIP-2 is halted. 

This program is nothing more than a 
software version of an ordinary 4-bit 


counter. That alone is not very impres¬ 
sive since PIP-2 already contains two 
such counters in its hardware, the pro¬ 
gram counter and instruction register. 

What’s significant is that this simple 
program can be easily modified to imple¬ 
ment any count increment from 0000 to 
1111 by simply changing the data nibble 
following LDA! While this can be accom¬ 
plished with some relatively simple hard¬ 
ware. PIP-2 performs the task after only 
a few seconds of software modification. 
This nicely illustrates the amazing ver¬ 
satility of using a microprocessor to sim¬ 
ulate many different hardware functions 
with the help of software. 

Running the Program. The simple 
counter program we’ve been discussing 
is called a source program since it’s writ¬ 
ten using the mnemonics of the various 
instructions. Before it can be loaded into 
PIP-2's program memory, it must be 
converted to an object program. 

An object program is written using the 
binary numbers a microprocessor un¬ 
derstands. Sometimes it’s called a ma¬ 
chine language program. All that’s nec¬ 
essary to generate the object program 
for our software counter routine is to 
substitute the appropriate op-codes for 
the mnemonics in the source program 
with the help of the table showing 
PIP-2’s instruction set. Here’s the ma¬ 
chine language result: 


Address 

Source 

Program 

Object 

Program 

0000 

LDA 

0001 

0001 

0001 

0001 

0010 

ADD 

0101 

0011 

MOV 

1011 

0100 

JMP 

1000 

0101 

0000 

0000 

0110 

HLT 

1110 
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After the object program is compiled, 
it's a simple matter to load it into PIP-2's 
program memory. First, the power 
switch is turned on. This automatically 
clears all of the program memory, regis¬ 
ters and counters to all 0’s. Then the first 
object code nibble in the program (0001) 
is switched in via the front panel 
switches (a switch is 0 in the down posi¬ 
tion and 1 in the up position) and the 
load switch is pressed. This action 
loads the nibble 0001 into the 0000 ad¬ 
dress of the program memory and auto¬ 
matically advances the program counter 
to the next address. 

The remaining nibbles are loaded one 
by one until they are all stored sequen¬ 
tially in the program memory. Then the 
initiate switch is pressed to return the 
program counter to the 0000 address of 
the program memory. 

Now all that remains is to press 
the start switch. This causes control to 
fetch the first instruction from the 
program memory, load it into the 
instruction register, decode it and 
execute it. The program is processed in 


this manner one step at a time, because 
the output will display the updated 
contents of the B register. 

Incidentally, if the clock speed is more 
than about a hundred Hz. the count dis¬ 
played on the readout will blur into a 
continuous 1111. Since the clock of 
most real microprocessors runs at a 
MHz or more, time delay loops must be 
added to their programs that are in¬ 
tended to display data to be viewed by 
an operator. 

Other PIP-2 Programs. Though PIP- 
2’s instruction set is a very primitive one, 
it is possible to write a number of differ¬ 
ent programs with it. The following ex¬ 
ample gives a source program that adds 
two numbers and then displays their 
sum: 

LDA 

(first number) 

MOV 

LDA 

(second number) 

ADD 


MOV 

HLT 

Here’s a source program that doubles a 
number: 

LDA 

(number) 

MOV 

ADD 

HLT 

And here's a program that counts by 
two's: 

LDA 

0002 

ADD 

MOV 

JMP 

0000 

HLT 

Programming Real Microproces¬ 
sors. Real microprocessors include doz¬ 
ens of instructions in their instruction 
sets. A typical microprocessor, such as 
the 6800 or 8080, would have instruc¬ 
tions that can accomplish any of these 
tasks: 

• Moves data and addresses be¬ 
tween registers. 

• Shifts and rotates the bits in a data 
word. 

• Performs various arithmetic and 
logical operations. 

• Branches conditionally or uncondi¬ 
tionally to any part of a program or to a 
subroutine. 

• Makes various logical compari¬ 
sons. 

• Increments or decrements the con¬ 
tents of a data register or memory ad¬ 
dress. 

Real microprocessors also have spe¬ 
cial instructions that may be unique to a 
particular family of microprocessors. For 
example, some microprocessors feature 
various instructions for accepting data 
from outside circuits while other units 
provide built-in decimal arithmetic 
capability. 

Programming real microprocessors 
can be both tedious and time consum¬ 
ing, but most people can learn to write 
simple programs with a little practice 
and some hands-on experience with a 
microprocessor using a keyboard (best) 
or toggle switch (OK) input. Of course, 
numerous microprocessor programs 
have already been published in books 
and articles; and as time goes by, the 
number of available programs will 
multiply. 0 
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Choosing 
a Computer 
fora 

Very Small 
Business 

BY JOHN ZITZ* 

T HE US GOVERNMENT identifies a 
small business as one that employs 
up to 250 people and has an annual 
gross income of up to $5-million. How¬ 
ever, small businesses that can use 
computers to advantage may be much 
smaller than that, ranging down to a sin¬ 
gle user in a part-time business opera¬ 
tion. These types of operations are often 
called "very small businesses." 

System cost, naturally, plays an im¬ 
portant role. An enterprise grossing 
$50,000 yearly cannot afford a $20,000 
computer or its equivalent in time-shar¬ 
ing systems. Like any capital invest¬ 
ment, a data-processing system should 
be justified by the return it can be ex¬ 
pected to produce. Experience has 
shown that a single computer and its op¬ 
erator can do the work of several peo¬ 
ple, either saving the cost of some salar¬ 
ies and benefits or freeing personnel for 
other tasks. In some cases, the comput¬ 
er will have enough extra data-handling 
capacity to allow the business to expand 
with little or nothing in the way of in¬ 
creased computing costs. 

Perhaps more important, the comput¬ 
er is very fast and can keep the busi¬ 
nessperson informed about the status of 
affairs today, not the way they were last 
week. Further, since the computer elimi¬ 
nates many hours of manual clerical 
work and can deliver its output in a com¬ 
pact precise form that obviates a good 
deal of "paper shuffling," it can create 
more time for the research, decision 
making, and creativity that are the real 
essence of an entrepreneur s function. 

Besides its obvious functions in ac¬ 
counting, inventory and production con¬ 
trol, and the like, a computer can also— 
with the right software—handle se¬ 
cretarial functions such as appointment 
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planning. Mailing lists, telephone files, li¬ 
brary catalogs, and similar collections of 
data can be created, alphabetized, up¬ 
dated, and printed as desired. With the 
addition of a text-editing program a com¬ 
puter can process correspondence. 
Form letters, for example, can be writ¬ 
ten, recalled, and personalized with 
great facility. 

Requiring no rest or sleep and only 
occasional maintenance, a computer 
can be used 24 hours a day; even when 
the business is closed. Both hardware 
and software are available to let the 
computer "watch over" sensitive sys¬ 
tems such as refrigerators, air condition¬ 
ers. water pumps, etc. It can also sense 
intrusion, fire, smoke and other emer¬ 
gency conditions and perform some pre¬ 
determined function when an alarm is 
activated. Communication with the com¬ 
puter at any time is a possibility, even 
from remote points across the country 
using a telephone attachment called a 
modem. This means that salesmen can 
communicate orders, or get product in¬ 
formation over the phone line when they 
desire. Businessmen who generate new 
ideas at night can, via a terminal and 
modem at home, put these into effect or 
at least record them while they are fresh. 
It is even possible to run an enterprise 
by “remote control." 

The System. Just as vehicles, regard¬ 
less of their make or model, are pretty 
much the same under their metal skins, 
computers are too. The former have en¬ 
gines, suspensions, transmissions, etc., 
as main working parts while the latter 
have memory, central processor units, 
input/output modules, interfaces, etc. 

Vehicles can be optimized for busi¬ 
ness or pleasure depending on the op¬ 


tions selected, and the same is true of 
computers. For business use, you need 
a machine that has enough computing 
power and enough options to handle 
both your present and anticipated future 
requirements. This is why it always pays 
to take a look at all the options for a par¬ 
ticular computer, since as your business 
grows, you may require functions not 
needed at the present. 

A few years ago, computer en¬ 
thusiasts who wanted to use a “hobby- 
type" computer for business would ex¬ 
plore what microprocessor was being 
used, what type of bus was offered, and 
so on. The growth of the moderately 
priced computer market has changed all 
that. Consequently, software is the sin¬ 
gle overriding consideration in buying a 
business-oriented computer today. 

For most applications, the "computer" 
will be a keyboard, video display and 
printer, all attached to a small enclosure 
in which the actual data manipulations 
are performed. There may also be 
another enclosure containing the disk 
storage system. Sometimes a keyboard 
and printer or video display are com¬ 
bined in a single unit called a terminal. 
This can be located near or remote from 
the computer. 

To enable the computer to be used by 
personnel trained in normal secretarial 
skills, the keyboard should have a con¬ 
ventional typewriter format, with com¬ 
fortably spaced and easy-to-the-touch 
keys. If a lot of numeric entries are to be 
made, a separate keypad is a definite 
convenience. 

Quality of the video display is also im¬ 
portant as it will determine the extent of 
eyestrain (which may result in possible 
entry or reading errors) if the display is 
used for extended periods. The usable 
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screen should measure at least 12" di¬ 
agonally and have a contrast that is 
comfortable to the eyes. The characters 
should be sharp and free from glare. 
They should be crisp from edge to edge 
across and from the top to the bottom of 
the screen, and should exhibit very little 
nonlinearity. Dual-brightness or inverted 
(black-on-white instead of white-on- 
black) characters are useful for special 
attention-getting displays, as is the ca¬ 
pability of rendering color. The system 
should display at least 80 characters on 
24 lines for business applications. Many 
small computers project only 16 lines of 
64 characters per line—somewhat limit¬ 
ing for ledger and similar entries. 

The printer, or hard-copy device, 
should be selected for its type face, 
speed, and noise level (some are quiet¬ 
er than others). It should be of sturdy 
construction and have adjustable col¬ 
umns for different width paper. The pa¬ 
per should be tractor or pin fed from the 
carriage to keep the paper secure in its 
place and free from misalignment—a 
necessity for automatic printing of 
checks and for keeping columns in pro¬ 
per vertical order. 

Printer prices increase directly with 
the speed and quality of the print, and it 
is up to the purchaser to determine just 
what he wants. The need for upper- and 
lower-case characters and for multiple 
copies is a consideration, too. 

The disk system is also determined by 
the amount of data you expect to store. 
Obviously, the larger the disk system, 
the more data can be stored. Keep Par¬ 
kinson’s Law in mind—data expands to 
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fill the available disks. Small (so-called 
5" disks) can hold up to 90K bytes of 
data (enough for several hundred inven¬ 
tory entries), while the so-called 8" disk 
can support up to 240K bytes of data. 
There are dual disk systems that in¬ 
crease data storage in one package, 
and there are dual- and quad-density 
and double-sided disk systems that 
maintain package size but greatly in¬ 
crease storage capacity. If your busi¬ 
ness is large enough, it may even pay 
you to take a look at the more expensive 
hard disk systems that can hold many 
millions of bytes of data. If at all possi¬ 
ble, a business person should have at 
least a dual-disk system since it pays to 
make a backup copy of a completed 
disk for emergency use. 

Since the most important considera¬ 
tion is software, it pays to make certain 
that the computer system you choose 
has a good selection available for it. 


In some cases, special “emulator” pro¬ 
grams allow one machine to mimic an¬ 
other for which a desired item of soft¬ 
ware is available. However, this ap¬ 
proach lowers the effective operating 
speed of the processor to a mere frac¬ 
tion of normal. Clearly, a modest (less 
costly) installation humming along with 
efficient software is preferable to a fan¬ 
cy one that limps because its software 
pinches. If it would be beneficial for your 
purposes to use COBOL or FORTRAN 
instead of BASIC, be sure your system is 
compatible with these languages. 

Cost And Operation. The cost of a 
computer system is not just what the 
store charges you to take the package 
home. Maintenance and later expan¬ 
sion, for example, are obvious sources 
of additional cost. The great nemesis of 
all system planning is changing needs. 
A system that can be altered to suit all 
contingencies will cost more than one 
that is specialized, but it may be worth 
the difference in the long run. The 
choice between the two depends on the 
nature of your business. We will try to 
develop here rational guidelines that, 
taking the special nature of computers 
into account, will help to minimize costs. 

“Off the Shelf” or “Custom”. One 

attractive and low-cost approach is to 
buy standard hardware and software 
packages. If your application is com¬ 
monplace. you may be able to purchase 
application programs that have already 
been written and field-tested. Packages 
exist for inventory applications, payroll, 



Radio Shark TRS-SO Model II Microcomputer 
with Line Printer III. External Disk System. 


Compucolor II Model 3 Computer 
with color video display. 
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general ledger, accounts/payable and 
receivable, etc. With good knowledge of 
your business requirements, you could 
purchase a system that is optimized for 
the packages you need, while allowing 
for system integration and expansion. 

To have custom software written spe¬ 
cifically to your needs by a reputable 
analyst and then have a hardware sys¬ 
tem implemented around that software, 
is another possible alternative. The pit- 
fall is that the exclusivity of your system 
may inhibit changes in the future should 
they become necessary. 

A middle path between these two ex¬ 
tremes is to purchase a system that is 
mostly "off the shelf" and make minor 
adjustments as necessary. Many private 
vendors will have the resources to make 
these modifications if they are not too 
extensive and may even include them in 
the overall price of the system. In any 
case, all software and hardware modifi¬ 
cation should be in the hands of reliable 
consultants. A largely "off the shelf" sys¬ 
tem with canned software included in its 
price would range from about $4,000 to 
$8,000, depending on the peripherals 
put into the final system. 

One difference between a "business 
computer system" and a "computer sys¬ 
tem that means business" is in the plan¬ 
ning done in anticipation of breakdown 
and further expansion. The usual vendor 
warranties are enough to absorb the 
cost of initial problems until the system 
is finally “up and running." The reliability 
of the electronic technology that goes 
into computers is such that a business 
computer under normal use should not 



HeathkitHlIA 16-bit 
Computer has 
provisions for 
b u s in ess periphe rals. 

encounter a debilitating breakdown in 
well over a year of use. Even then, the 
most common breakdowns in a mi¬ 
crosystem are not electrical but me¬ 
chanical. Switches, motors, drivers, ac¬ 
tuator arms, and wheels fail far more of¬ 
ten than electronic components. 

Superficially attractive as all-in-one 
computers are, they are not for busi¬ 
ness. When a single functional part of an 
all-in-one computer fails, the whole ma¬ 
chine goes down and, in many cases, 
must be sent to the factory for repair. 
The independent modular approach al¬ 
lows the offending module to be re¬ 
moved and repaired, often while a tem¬ 
porary replacement is substituted. This 
keeps the system reliability high despite 
the failure of individual modules. In the 
case of duplicate systems in one instal¬ 
lation, modules can be temporarily 
"swapped” until replacements arrive. 

External Problems. One of the hid¬ 
den causes of computer component fail¬ 


ure is noise transients and voltage 
spikes from electrical equipment such 
as motors, tools, etc., that are passed to 
the computer via the power lines. Not 
only can such "hash" and power-line 
surges damage components, they can 
also interfere with computer operation. It 
is essential that a well-engineered com¬ 
puter system have hash and power 
surge suppression built into its power 
supply. This can eliminate considerable 
hidden cost in operation. 

Options. Another interesting power- 
supply option protects your computer 
against momentary power-line "black¬ 
outs". The capacitors in a good heavy- 
duty power supply can maintain their 
charge for about a fifth of a second after 
the mains go down. This is time to kick in 
a back-up power supply without losing 
data or causing the system to "crash". 
An uninterruptable power supply can be 
added to a system fairly inexpensively 
and may, once in a while, save the day. 

What About Protecting the Data? 

Computer failure can wipe out valuable 
data. However, if one takes the normal 
precautions of keeping backup disks 
and tapes, the likelihood of a serious 
setback is reduced. Cassette tapes and 
recorders are relatively cheap compared 
to disks and disk drives and are a cost- 
effective means of data protection. The 
high access speed of the disk is not a 
factor when all you are looking for is 
long-term archival storage. A small rou¬ 
tine for transferring the data stored on a 
disk to a cassette is not difficult to imple- 
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Ohio Scientific CSP DF System—Challenger HP Computer, 
dual-disk drive, terminal, monitor, peripheral control devices. 


ment and might even be part of the DOS 
(Disk Operating System) provided with 
the computer. 

Security. Principally, this involves pro¬ 
tecting the data physically from theft, de¬ 
struction or tampering. Such protection 
is not difficult to implement if the entire 
system is in your premises, where ac¬ 
cess to it can be controlled. But what if 
data must be transmitted by telephone, 
other hard-wire lines, or mail? 

Hardware and software for encrypting 
data have just begun to appear on the 
market and will probably be included in 
total systems in the near future. For ex¬ 
ample, special chips which can encode 
data at high speeds, could be incorpo¬ 
rated as part of the input-output interfac¬ 
ing of a data-transmission module. Here 
is another instance in which the modular 
approach to the computer design facili¬ 
tates expansion of an existing system. 

When To Buy. Is there a “right time" 
to buy a computer? Should the small 
business lease a computer, timeshare 
on a larger computer, or buy one out¬ 


right? In the past, the high cost of com¬ 
puters and their relative inaccessibility 
made timesharing at a cost of several 
hundred dollars per month seem attrac¬ 
tive. The low cost of microcomputers to¬ 
day has made this a more dubious prop¬ 
osition. The cost of the timeshare termi¬ 
nal alone is approximately 25% the cost 
of a microcomputer-based business 
system. Add to this the monthly cost of 
computer services and telephone line 
hookups and the total over a year rapidly 
approaches the cost of an entire small 
computer system. And of course, there 
is no equity. 

Timesharing should only be consid¬ 
ered when access to a large, computa¬ 
tionally powerful computer is needed, as 
might be the case in engineering or 
scientific applications or those that gen¬ 
erate volumes of statistical analyses. 
For the standard small-business-scale 
applications, even where sizable inven¬ 
tory accounting is involved, eight-bit mi¬ 
croprocessing is the most cost-effective 
way to go. In short, for most very small 
businesses, don’t borrow, don’t lease— 
buy! And if you feel that your business is 
ready for the system, buy now. O 



Vector Business System—MZ Computer with dual floppy 
drive, MT Terminal, and Centronics 702 Printer. 


NOTICE TO READERS 

We consider it a valuable service to our 
readers to continue, as we have in previous 
editions of this guide, to print the price set 
by the manufacturer or distributor for each 
item described as available at presstime. 
However, almost all manufacturers and dis¬ 
tributors provide that prices are subject to 
change without notice. 

We would like to call our readers attention 
to the fact that during recent years the Fed¬ 
eral Trade Commission of the U.S. Gov¬ 
ernment has conducted investigations of 
the practices of certain industries, in fixing 
and advertising list prices. It is the position 
of the Federal Trade Commission that it is 
deceptive to the public, and against the 
law, for list prices of any product to be 
specified or advertised in a trade area, if 
the majority of sales of that product in that 
trade area are made at less than the list 
prices. 

It is obvious that our publication cannot 
quote the sales price applicable to each 
trading area in the United States. Accord¬ 
ingly, prices are listed as furnished to us by 
the manufacturer or distributor. It may be 
possible to purchase some items in your 
trading area at a price that differs from the 
price that is reported in this edition. 

The Publisher 


ELECTRONIC EXPERIMENTER'S 
HANDBOOK 1981 


ADVERTISERS INDEX 


ADVERTISER 


READER PAGE 

SERVICE NO. NUMBER 

Allied Electronics .67 

1 Byte .117 

Cleveland Institute of 

Electronics, Inc.35, 36, 37 

16 The Cooper Group .Cover 3 

2 Creative Computing .15 

3 Datak Corp.130 

Grantham College of 

Engineering .28 

5 Heath .3 

4 Jensen Tools .95 

6 MicroAce.113 

NRI Schools .17,18,19 

7 New Tone Electronics.Ill 

8 Ohio Scientific .Cover 4 

9 OK Machine & 

Tool Corp.Cover 2 

10 Paccom .95 

11 Percom Data, Inc.1 

12 Viz Manufacturing .4 

13 Wahl Clipper Corp.21 


134 


ELECTRONIC EXPERIMENTER’S HANDBOOK 






































LUIKin 
Nicholson 
Weller, Wiss 
Xcelite 


Take a quick look round this ad and 
you’ll agree that “All together” is no 
exaggeration. Whether you’re making 
or mending, cutting or joining, measuring 
or stripping, there’s a Cooper tool that’s 
just right for the job. Don’t take chances 
on tools.Specify Cooper and get ’em 
right the first time! 


Crescent 


from Cooper The Tbolmaker. 


a \ The Cooper Group 

Soper boker crescent * lufkin nicholson weller * wiss * xceute 

industries j pQ Qox 728 Apex Nofth casing 2 7502.Tel: (919) 362-75ll.Telex: 579497. 


CIRCLE NO. 16 ON FREE INFORMATION CARD 













Educator, Entertainer, Accountant. 



1333 SOUTH CHILLICOTHE ROAD 
AURORA, OH 44202 • [216] 831 -5600 




' IIR? 


For a free 
catalog and 
the name of the 
dealer nearest you, call 
1-800-321-6850 toll free. 
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Your Challenger 
Personal Computer. 

Through the miracle of modern 
technology, a complete computer as 
powerful as the multimillion dollar 
room-sized computers of a few years 
ago can be put in a package the size of 
a typewriter and sells for as little as a 
color television set! 

Through its years of microcomputer 
experience, Ohio Scientific has effec¬ 
tively channeled this tremendous 
computer power into a “friendly” 
computer with hundreds of personal 
uses, via a huge software library 
of programs for a broad range of 
personal, home, educational and 
business use. 

This available software allows you to 
use and enjoy your computer without 
becoming an expert. The Challenger, 
however, is a powerful, general 
purpose computer which can be pro¬ 
grammed in several languages by 
those who choose to. 

Here are just a few of the popular uses 
of an Ohio Scientific 
Challenger 
Computer: 

Education 

The personal 
computer is 
the ultimate 


educational aid because it can enter¬ 
tain while it educates. Software 
available ranges from enhancing your 
children’s basic math, reading and 
spelling ability, through tutoring high 
school and college subjects, to 
teaching the fundamentals of com¬ 
puters and computer programming. 

Entertainment 

Many of the Challenger’s games 
educate while they entertain, from 
cartoons for preschoolers to games 
which sharpen mathematical and 
logical abilities. But, entertainment 
doesn’t stop here. The Challenger’s 
graphics capabilities and fast opera¬ 
tion allow it to display action games 
with much more detail than the best 
video games, providing spectacular 
action in games such as Invaders, 
Space Wars, Tiger Tank and more! All 
popular sports such as golf, baseball 
and bowling are available as simulated 
computer games as well as many 
conventional games such as chess 
where the computer plays the role of a 
formidable opponent. 


Accounting 

Your Challenger computer can keep 
track of your checkbook, savings 
account, loans, expenses, monitor your 
calorie intake and your biorythms. 

If you are involved in a business, you 
can use it to do word processing; ac¬ 
counting, inventory control, order pro¬ 
cessing, customer lists, client records, 
mailing labels and planning. 

And more: 

This may seem like a lot of uses, but it’s 
only the tip of the iceberg for a general 
purpose computer. For example, your 
Challenger can be expanded to control 
lights and appliances, manage your 
energy usage and monitor for fire and 
break-ins. Furthermore, it can commu¬ 
nicate with you, with other computers 
and the new personal computer infor¬ 
mation services over the telephone. 

In fact, the uses of general purpose, 
personalized computers are expand¬ 
ing daily as more and more people 
discover the tremendous capabilities 
of these new 
technological 
wonders. 

Ohio Scientific 
offers you four 
personalized 
computer sys¬ 
tems starting 
at just $479. 


